Space prospects by unknown
  
 
 
N O T I C E 
 
THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 
https://ntrs.nasa.gov/search.jsp?R=19800019884 2020-03-21T17:01:28+00:00Z
NASA TM-76228 
SPACE PROSPECTS 
Centre National DPEtudes Spat ia les  
(NASA-TH-76 228) SPACE PROSPECTS (Nat iona l  NEIO- 28385 
Aeronautics and Space A d a i n i ~ t r a t i o n )  35 y HC A03/flP A01 CSCZ 22A 
Unclas 
G3/12 28202 
Translation o f  *"Prospective Spat ia le" ,  Cent re National D' Etudes 
S p a t i a l e s ,  Par i s ,  France, Report, March 12,  1980, pp 1-30 
Na.tiona1 Aeronautics and Space Admillistration 
Washington, D .  C .  June, 1980  
7 .  I l l . .  W I l U  ?lJwItlle 
Space Prospects  
Centre Nat ional  D'Etudes S p a t i a l e s  .a,..-- -2 I 
- - t -  . - - -. -- 3 -  
9. Petfutm~ng Orgonixol~on Name ond Address 
Leo Kanner Associa tes  13. Tvpe of R ~ p o r t  allti Prricd Cavered 
Redwood Ci ty ,  C a l i f o r n i a  94063 
--.NU, -- Trans l a t i on  
12. Sponrvrlng Awncy  ttclme ond Addreas 
National  Aeronautics and Space 
D . C .  2 
1 IS, cvpplernentery Notes 
Trans l a t i on  ~ f ' b r o e ~ e c t i v e '  . S p a t i a l e " ,  Centre Nat ional  
DIEtudes S p a t i a l e s ,  P a r i s ,  France,  Report ,  March 1 2 ,  1 9 8 9 ,  
pp 1-30,  
- -- -- 
16, Abrtrao 
A s t r a t e g y  f o r  keeping t h e  Common Market 's  space e f f0 i - t  
independent of  and compet i t ive  wi th  NASA and the  Space 
S h u t t l e  i s  d i scussed .  Limited f i nanc ing  i s  t h e  c h i e f  
o b s t a c l e  t o  t h i s .  Proposals  inc lude  an o u t e r  space mater- 
i a l s  p rocess ing  proj-ect  and f u r t h e r  development of  t he  
Ariane rocke t .  A manned space program i s  excluded f o r  
the  fo re seeab le  f u t u r e .  
.-.--. 
17. Key Words (5clccted by ~utliur(s)) IC__i 
- 
19. Saeurcty Clorstf. (of this m p ~ t t J  I Socurity Clasrif. (of this 21. No. of P - g ~ s  ] 22. p r i c e  i ! 
, I  Unclascified 3 5 I ~nclassifiecl f i , , , - -  2.- , ,-* J 
SPACE PROSPECTS 
Centre Nat ional  D'Etudes S p a t i a l e s  
(CNES) 
Pa r t  I :  I n t roduc t ion  
A long-range f o r e c a s t  p r e d i c t s  t h e  p rospec t s  f o r  a  s p e c i f i c  
s u b j e c t  i n  t he  r e l a t i v e l y  d i s t a n t  f u t u r e ,  The purpose i s  t h r e e -  
f o l d :  
- -  To r evea l  t h e  under ly ing  p o l i t i c a l  f o r ce s  a t  work, shorn o f  
any temporary c o n s t r a i n t s .  
- -  To e s t a b l i s h  a b a s i s  f o r  choosing programs which l e a d  toward 
t h e  long- term o b j e c t i v e .  
--To d i r e c t  p r e s e n t  t e chno log ica l  r e sea rch .  
I n  c o n t r a s t  with medium-range p o l i c y  making, t h i s  paper a t t e m p t s ,  
a s  f a r  a s  poss i .b le ,  t o  analyze  t he  p o l i t i c a l ,  economic, and tech-  
n o l o g i c a l  cons t an t s  i n  a  s p e c i f i c  f i e l d  o f  a c t i v i t y ,  space exp lora -  
t i o n .  
The P r i o r i t i e s  
France and t h e  European Economic Community (EEC) i n  general,  
have c a r r i e d  on a  determined e f f ~ r t  over t h e  p a s t  twenty yea r s  t o  
acqu i r e  an independent c a p a b i l i t y  t o  c o n s t r u c t ,  launch i n t o  spacc  and 
ope ra t e  e a r t h  s a t e l l i t e s .  These s a t e l l i t e s  hax i  been used f o r  t e l e -  
communications and e a r t h  surveys .  In  a d d i t i o n ,  they have m i l i t a r y  
p o t e n t i a l .  
This independent c a p a b i l i t y  has been a t t a i n e d ,  and our l e v e l  of  / 2  
- 
t e chno log ica l  s o p h i s t i c a t i o n  i s  equa l  t o  t h a t  found elsewhere.  This 
"Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  fo re ign  t e x t .  
i.s proved by t h e  development o f  t h e  Ar iane  t h e  o r g a n i z a t i o n  
o f  t h o  s u p p o r t  s t r u c t u r e  f o r  t h i s  program a t  t h e  Guyana Space 
C e n t e r ,  t h e  MARECS and ECS communications s a t e l l i t e s  now under con- 
s t r u c t i o n  ( a s  well as t h e  f u t u r o  French Telecom 1 and T e l e v i s i o n  
-
D i r e c t e  s a t e l l i t ~ s ) ,  t h e  s u c c e s s  o f  t h e  Meteosat  weather  s a t e l l i t e ,  
and, f i n a l l y ,  t h e  smooth p r o g r e s s i o n  o f  t h e  Spot e a r t h  survey 
s a t e l l i t e  p r o j e c t ,  The f i r s t  o b j e c t i v e  of  t h e  space  program i s  
t h u s  t o  keep pace  w i t h  t h e  t e c h n i c a l  i n n o ~ a t i o n s  t h a t  o c c u r  i n  
o r d e r  t o  ma in ta in  i t s  autonomy. 
The s a l e  o f  t h e  f i r s t  o p e r a t i o n a l  r o c k e t ,  t h e  Ar iane ,  t o  t h e  
i n t e r n a t i o n a l  o r g a n i z a t i o n  I n t e l s a t  demons t ra tes  t h e  f a c t  t h a t  
European space hardware i s  c o m p e t i t i v e  i n  t h e  world market .  Com- 
p e t i t i v e n e s s  i s  n o t  a  p r i o r i  n e c e s s a r y  f o r  independence.  However, 
t h e  n e g o t i a t i o n s  l e a d i n g  t o  t h e  p r o d u c t i o n  agreement Ar ianespace  
(Transpace)  shows t h a t  it i s  n o t  p r a c t i c a l  t o  e s t a b l i s h  an i n -  
d u s t r i a l  o r g a n i z a t i o n  t o  produce on ly  a  smal l  amount o f  m a t e r i e l .  
A r e a s o n a b l e  s h a r e  of t h e  world market  and t h e  a lmost  complete dam.- 
i n a t i o n  o f  t h e  wes te rn  European market a r e  p r a c t i c a l l y  p r e c o n d i t i o n s  
f o r  t h e  s u r v i v a l  o f  our  space  i n d u s t r y .  These c o n d i t i o n s  can o n l y  
be f u l f i l l e d  i f  t h e  p r o d u c t s  o f  t h e  i n d u s t r y  e q u a l  t h o s e  a v a i l a b l e  
e l sewhere .  Thus, c r e a t i n g  an  i n d u s t r y  which meets i n t e r n a t i o n a l  
s t a n d a r d s  i s  a  second p r i o r i t y  which i s  j u s t  a s  e s s e n t i a l  a s  and i s  
i n e x t r i c a b l y  l i n k e d  t o  t h e  g o a l  of  independence.  Th i s  r e p o r t  w i l l  
r e v e a l  how t h i s  second o b j e c t i v e  i n f l u e n c e s  f u t u r e  p l a n n i n g .  
One should  t a k e  i n t o  account  t h e  f a c t  t h a t  p e r  c a p i t a  expendi-  
t u r e s  f o r  space  r e s e a r c h  i n  t h e  Uni ted  S t a t e s  a r e  about  f o u r  t imes  
h i g h e r  than  i n  wes te rn  Europe. NASA w i l l  spend 4 . 5  b i l l i o n  d o l l a r s  
(20  b i l l i o n  f r a n c s )  t h i s  y e a r  t o  i n s u r e ,  a s  i t s  c h a r t e r  s t a t e s ,  " the  
dominance of  American i n d u s t r y  i n  aerospace".  The t o t a l  space  
budget o f  Common Market members i s  on t h e  o r d e r  o f  on ly  5 b i l l i o n  
f r a n c s ,  i n c l u d i n g  3 b i l l i o n  f o r  t h e  ESA ( t h e  European Space Agency), 
i n  an average  y e a r .  Whatever happens i n  t h e  n e x t  decade ,  i t  i s  c l e a r  
t h a t  t h e  n a t i o n a l  and EEC space  e f f o r t s  cannot  c o ~ i ~ p e t e  on a l l  
f r o n t s  w i t h  t h e  Americans. Based on t h e  American experience,we w i l l  
have t o  choose t h e  r o u t e  w i t h  t h e  l e a s t  t e c h n i c a l  and f i n a n c i a l  
r i s k  t o  fo l low t o  m a i n t a i n  a c o m p e t i t i v e  p o s i t i o n  i n  t h e  i n d u s t r i a l  
and s t r a t e g i c  a r e a s  c o n s i d e r e d  e s s e n t i a l .  
Space Sc ience  . 
S c i e n t i f i c  r e s e a r c h  has  been t h e  major  f o c u s  o f  French and EEC 
a c t i v i t i e s  i n  o u t e r  space .  I t  w i l l  c o n t i n u e  t o  p l a y  a  s i g n i f i c a n t  
r o l e  i n  t h e  decade  t o  come, The programs c a r r i e d  o u t  and t h e  
- / 3  
r e s u l t s  o b t a i n e d  i n  t h i s  a r e a  rank second t o  none i n  te rms o f  qua.1ity 
and o r i g i n a l i t y .  The generous c o o p e r a t i o n  o f  t h e  S o v i e t  Union and 
t h e  Uni ted  S t a t e s  has  al lowed French s c i e n t i s t s  t o  p a r t i c i p a t e  i n  
t h e  most ambiticus m i s s i o n s ,  n o t a b l y  i n  astronomy ( t h e  Space Te lescope ,  
t h e  High Energy Astronomical  Observa to ry ,  e t c . )  and p l a n e t a r y  ex- 
p l o r a t i o n  ( t h e  American P i o n e e r  probe t o  Venus and G a l i l e o  Jup-  
i t e r  p r o b e ,  t h e  Russian Venera l a u n c h i n g s ,  e t c . ] .  A t  t h e  same 
t i m e ,  i n t e r n a t i o n a l  c o o p e r a t i o n  w i t h i n  t h e  framewurk o f  t h e  ESA 
promises  t o  r e s u l t  i n  advanced p r o j e c t s  i n  astronomy and geophysics .  
Our long- range  p e r s p e c t i v e  c o n t i n u e s  t o  r e s e r v e  a  major r o l e  f o r  
s c i e n t i f i c  p r o j e c t s  because:  
- -Space  r e s e a r c h  i s  one o f  t h e  most powerful  t o o l s  f o r  i n v e s t i -  
g a t i n g  t h e  b a s i c  s c i e n t i f i c  q u e s t i o n s :  t h e  o r i g i n  o f  t h e  u n i v e r s e ,  
o f  t h e  s o l a r  sys tem,  and o f  l i f e  i t s e l f .  
- -  S c i e n t i f i c  miss ions  a r e  bo ld  u n d e r t a k i n g s ,  f r e q u e n t l y  a t  t h e  
l imits  of  t e c h n i c a l  a b i l i t y  and t h e r e f o r e  s t i m u l a t o r s  o f  p r o g r e s s  
i n  space  technology.  
A s  t h e  M i n i s t e r  has  s t a t e d ,  France must be c o n t i n u a l l y  p r e -  
occupied  wi th  "main ta in ing  o u r  s c i e n t i f i c ,  t e c h n i c a l ,  and t e c h n o l o g i c a l  
1 a b i l i t y  a t  i t s  p r e s e n t  h igh  l e v e l v  (A .  Giraud,  Nov. 6 ,  1 9 7 9 ) .  
Achieving unbroken p r o g r e s s  i n  space  s c i e n c e  i s  t h u s  a l s o  an impor tan t  
element  i n  p l a n n i n g  f o r  t h e  f u t u r e .  However, t h e  p u r s u i t  o f  t h i s  o b j e c -  
I 
1 t i v e  does  n o t  mean t h a t  we shou ld  n o t  t a k e  advantage o f  m u l t i l a t e r a l  
t c o o p e r a t i o n  o r  i g n o r e  American and Russ ian  d i s c o v e r i e s .  This  i s  t h e  
a reason  why t h i s  a r t i c l e  w i l l  n o t  make r e f e r e n c e  t o  an e x c l u s i v e l y  
n a t i o n a l  o r  r e g i o n a l  s t r a t e g y  f o r  t e c h n i c a l  development.  
The Rockets 
I t  i s  p o s s i b l e  t o  e n v i s a g e  a program c o n c e n t r a t i n g  on a  s i n g l e  
p i l o t  p r o j e c t  t h a t  cou ld  g e n e r a t e  a  whole new g e n e r a t i o n  o f  space  
a p p a r a t u s ,  i n c l u d i n g  new means o f  p r o p u l s i o n ,  new space  v e h i c l e s ,  
and t h e  a s s o c i a t e d  i n f r a s t r u c t u r e ,  Th i s  i s  e x a c t l y  what happened 
a t  NASA when t h e  p r e s i d e n t  o f  t h e  United S t a t e s  a s s i g n e d  i t  t h e  
miss ion  o f  l a n d i n g  on t h e  moon w i t h i n  t e n  y e a r s .  To reach  t h i s  
s i n g l e  o b j e c t i v e ,  NASA developed a v a s t  ensemble o f  t e c h n o l o g i e s  
t o  s o l v e  t h e  problems posed by l a n d i n g  on t h e  moon, t h e  l u n a r  
rendezvous,  and r e e n t r y  i n t o  t h e  e a r t h ' s  atmosphere.  NASA a l s o  
had t o  c o n s t r u c t  t h e  a w e - i n s p i r i n g  S a t u r n  I r o c k e t ,  which was 
s p e c i f i c a l l y  des igned  f o r  manned f l i g h t s  t o  t h e  moon, A t  t h e  con- 
c l u s i o n  of  t h e  Apollo p r o j e c t ,  however, t h e  S a t u r n  r o c k e t  had t o  
be abandoned because  i t  was t o o  powerful  and t o o  c o s t l y  t o  be used 
i n  o t h e r  programs. A s w i t c h  was made t o  a  new type  o f  v e h i c l e  t h a t  
could  be r e u s e d  i n  s u c c e s s i v e  m i s s i o n s ,  t h e  Space S h u t t l e .  
I t  i s  f o r  t h i s  r eason  t h a t  i t  has n o t  been c o n s i d e r e d  p r a c t i c a l  
t o  d e v o t e  a l l  o u r  e f f o r t s  t o  b u i l d i n g  t h e  means t o  c a r r y  o u t  a  
s i n g l e  type  o f  miss ion ,  such a s  a  manned space  f l i g h t  o r  a  permanent 
space s t a t i o n .  The technology o f  p r o p u l s i o n  has  s p e c i a l  c h a r a c t e r -  
i s t i c s .  A prolonged p e r i o d  i s  n e c e s s a r y  f o r  development and t e s t i n g .  
The e v o l u t i o n  of  r o c k e t r y  must p r o g r e s s  a t  i t s  own speed ,  guided 
by t h e  f o l l o w i n g  u n d e r l y i n g  o b j e c t i v e s :  
- -  The d e f e n s e  and s t r e n g t h e n i n g  of a  c o m p e t i t i v e  p o s i t i o n  i n  
t h e  a r e a s  o f  c o s t  and performanet; i n  r e l a t i o n  t o  o t h e r  systems 
o f  space  t r a n s p o r t  (of  obv ious ly  d i f f e r e n t  d e s i g n )  p l a c e d  on t h e  
wor ld  market by t h e  Uni ted  S t a t e s ,  a s  w e l l  a s  p o t e n t i a l l y  by t h e  
USSR, China, J a p a n ,  and o t h e r  c o u n t r i e s .  
- -  The expansion o f  p r o d u c t i o n  o f  t h e  Ar iane  r o c k e t  t o  meet 
i n t e r n a t i o n a l  demand. 
- -  Complete c o m p a t i b i l i t y  w i t h  t h e  s a t e l l i t e s  b u i l t  t o  t a k e  
advantage  of f e a t u r e s  of  t h e  Space S h u t t l e .  
I n  t h e  n o t  t o o  d i s t a n t  f u t u r e ,  t h e  f o l l o w i n g  developments  
w i l l  t a k e  p l a c e :  
- -  The comple t ion  o f  t h e  m o d i f i Y a t i o n s  f o r  t h e  Ar iane  I1 and 
XI1 by 1983. 
- -  The c o n s t r u c t i o n  by 1984 o f  a  new l a u n c h i n g  s i t e  f o r  use  by 
t h e  Ar iane  XV. Th i s  r o c k e t  w i l l  a l l o w  f o r  a g r e a t e r  o r b i t i n g  
mass and a  l a r g e r  payload t h a n  p r e v i o u s  models. 
- -  The comple t ion  o f  t h e  n e c e s s a r y  p r e l i m i n a r y  r e s e a r c h  f o r  t h e  
Ar iane  V. This  l auncher  s h o u l d  be i n s e r v i c e  a s  soon a s  p o s s i b l e  
and  no l a t e r  than  1990 i f  we a r e  t o  m a i n t a i n  o u r  p o s i t i o n  
when faced  w i t h  s a t e l l i t e s  b u i l t  f o r  t h e  Space S h u t t l e  and o t h e r  
advances i n  space  f l i g h t .  The p r e p a r a t i o n  r e q u i r e d  f o r  t h e  
Ar iane  V mainly i n v o l v e s  work on t h e  HM 60 h igh  t h r u s t  l i q u i d  
hydrogen eng ine .  
Man i n  Space 
The g r e a t e s t  d e c i s i o n  t h a t  must be made i n  terms o f  long- run  
space p o l i c y  i s  whether  o r  n o t  t o  develop t h e  c a p a c i t y  f o r  manned 
space f l i g h t s .  I t  i s  c l e a r  t h a t  t h i s  c a p a c i t y  h a s  beeir judged 
i m p o r t a n t  enough t o  make a lmost  i r r e v o c a b l e  n a t i o n a l  commitments 
t o  i t  on t h e  p a r t  o f  t h e  Uni ted  S t a t e s  and t h e  S o v i e t  Union. 
One r e s u l t  o f  t h e  compet i t ion  between t h e s e  two c o u n t r i e s  has 
been t h a t  c i t i z e n s  o f  o t h e r  c o u n t r i e s  have been g r a n t e d  e a s y  
a c c e s s  t o  t h e s e  programs. A s  p a r t  of  t h e  Spacelab  program, NASA 
has agreed  t o  launch European and p robab ly  Japanese  a s t r o n a u t s  and 
s p e c i a l i s t s  i n t o  o r b i t .  NASA w i l l  cha rge  40 m i l l i o n  d o l l a r s  f o r  
t h i s ,  t h e  c o s t  o f  l aunch ing  t h e  S h u t t l e .  The S o v i e t  Union has 
a l r e a d y  opened i t s  a s t r o n a u t  program t o  e a s t  Europeans and has p r o -  
posed i n c l u d i n g  a  French cosmonaut. 
I c a l  a t t r a c t i o n  o f  c r e a t i n g  an independent  c a p a b i l i t y  i n  t h i s  a r e a .  I T h i s  would d u p l i c a t e  S o v i e t  and American r e s o u r c e s  t h a t  a r e  a l r e a d y  I a v a i l a b l e  f o r  s c i e n t i f i c  r e s e a r c h  under certain c i rcumstances ,  
I t  remains t o  be de termined whether  t h e  a c t i v i t y  o f  human 
be ings  i n  o u t e r  space  c o n s t i t u t e s  a key e lement  i n  t h e  miss ions  
p lanned f o r  t h e  y e a r s  1990-2000, These miss ions  i n c l u d e  t h e  
e r e c t i o n  and maintenance o f  o r b i t a l  s p a c e  s t a t i o n s  and t h e  r e p a i r  and 
m o d i f i c a t i o n  o f  space  S a t e l l i t e s  t o  make them u s a b l e  i n  new pro-  
grams. The c u r r e n t  o p i n i o n  o f  t h e  CNES i s  t h a t  manned f l i g h t  would 
f a c i l i t a t e  a r a t h e r  l a r g e  number o f  a c t i v i t i e s ,  e s p e c i a l l y  on t h e  
exper imenta l  s i d e  o f  tlre space  program. I t  does n o t ,  however, 
r e p r e s e n t  a c r u c i a l  f a c t o r  i n  t h e  e v o l u t i o n  o f  commercial a p p l i -  
c a t i o n s .  I n  any c a s e ,  p r e l i m i n a r y  s t u d i e s  r c c e n t l y  conducted have 
concluded t h a t  t h e  technology needed t o  p u t  hunkan be ings  i n  space  
would r e q u i r e  t e n  y e a r s  t o  o b t a i n ,  g iven t h e  c u r r e n t  s t a t e  o f  t h e  
wes te rn  European space  i n d u s t r y ,  The r e a d e r  i s  r e f e r r e d  t o  t h e  
Hermes s t u d y  o f  a manned s a t e l l i t e  launched by an advanced v e r s i o n  
of  t h e  Ar iane  and g l i d i n g  back t o  e a r t h  a t  hyperson ic  speeds .  
With t h e s e  c o n s i d e r a t i o n s  i n  mind, t h e  fo l lowing  course  o f  
a c t i o n  i s  proposed:  
(i) To make t h e  g r e a t e s t  p o s s i b l e  use  o f  c o o p e r a t i o n  wi th  t h e  
Uni ted  S t a t e s  and t h e  S o v i e t  Union t o  p l a c e  French s p e c i a l i s t s  
i n  o r b i t  t o  perform s c i e n t i f i c  r e s e a r c h  and g a i n  t e c h n i c a l  
e x p e r t i s e ,  p a r t i c u l a r l y  i n  f a b r i c a t i n g  and p r o c e s s i n g  new 
m a t e r i a l s  i n  a w e i g h t l e s s  environment .  
( i i )  To independen t ly  develop g r o u n d - c o n t r o l l e d  mechanical means o f  
working i n  space  i n  a n t i c i p a t i o n  o f  t h e  t ime when t h e  main- 
t enance ,  r e f u e l i n g ,  and m o d i f i c a t i o n  o f  equipment w i l l  be 
n e c e s s a r y  f o r  making economical  u s e  o f  s p a c e c r a f t .  
( i i i )  To keep t h e  o p t i o n  o f  embarking on a manned space  program 
open. 
The Outlook f o r  t h e  EEC 
-- 
The space  progr,bm r e q u i r e s  a long- term inves tment  o f  cons id -  
e r a b l e  s i z e  and r i s k ,  We have t o  r e l y  a lmos t  t o t a l l y  on t h e  west- 
e r n  European space  market  and on t h e  i n f l u e n c e  EEC members have i n  
such i n t e r n a t i o n a l  o r g a n i z a t i o n s  as I n t e l s a t .  A commitment on t h e  
p a r t  o f  as mafiy Common Market c o u n t r i e s  as p o s s i b l e  i s  t h e r e f o r e  
r e q u i r e d  t o  make t h e  program v i a b l e .  
I t  i s  e s s e n t i a l  i n  p r e p a r i n g  f o r  t h e  f u t u r e  t o  r each  a con- 
sensus  i n  the Community i n  f a v o r  o f  a  p r o j e c t  which cou ld  t a k e  
form q u i c k l y  and make u s e  o f  t h e  r e s o u r c e s  a v a i l a b l e  i n  t h e  1980 ' s .  
A t  t h e  same time, t h i s  p r o j e c t  would have t o  be s u f f i c i e n t l y  
ambi t ious  t o  make f o r  a r e a l  t e c h n o l o g i c a l  breakthrough i n  wes te rn  
Europe. 
The broad o u t l i n e s  o f  such a p r o j e c t  a r e  d o s c r i b e d  i n  t h i s  r e p o r t  
and are j u s t i f i e d  on t h e  b a s i s  o f  key t e c h n o l o g i c a l  developments 
which w i l l  be mentioned h e r e ,  The s i t u a t i o n  no l o n g e r  c a l l s  f o r  
promoting a wide v a r i e t y  o f  misce l l aneous  s a t e l l i t e s  ( m e t e o r o l o g i c a l ,  
n a v i g a t i o n a l ,  communications, e t c , )  a s  was t h e  c a s e  a t  t h e  founding 
of  t h e  ASE. Ra the r ,  t h e  problem i s  t o  use  a  demons t ra t ion  p r o j e c t  
t o  a c q u i r e  and check o u t  a l l  t h e  t e c h n i q u e s  e s s e n t i a l  t o  a range of 
f u t u r e  s p a c e c r a f t  i n  low a l t i t u d e  o r  synchronous e a r t h  o r 3 i t .  A 
program of  t h i s  s o r t  might be one t h a t  c o n c e n t r a t e d  on t h e  p r o c e s s i n g  
of m a t e r i a l s  i n  low e a r t h  o r b i t .  This  would r e q u i r e  t h r e e  d i s t i n c t  
space  systems : 
( i )  An o r b i t a l  module equipped wi th  mechanisms f o r  remote c o n t r o l .  
( i i )  An au tomat ic  v e h i c l e  t h a t  c o u l d  renc'ezvous and dock w i t h  
t h e  aforement ioned modu?+e. I t  would b l s o  have t o  r e t u r n  t o  
t h e  e a r t h ' s  atmosphere t o  d e l i v e r  i t s  ca rgo .  
(iii) A system o f  r e l a y s  i n s y n c h r o n o u s  o r b i t  f o r  t h e  r e a l  t ime t e l e -  / 7 
-
v i s i o n ,  t e l e m e t r i c ,  and t e l e c o n t r o l  systems needed t o  o p e r a t e  
t h e  two p r e c e d i n g  p i e c e s  of  equipment.  
Such a  p r o j e c t  could be completed i n  t h e  l a t t e r  p a r t  o f  t h i s  
decade. I t  would mark a  t r u l y  s i g n i f i c a n t  s t e p  forward f o r  t h e  
EEC. The d b i l i t y  t o  use  s e v e r a l  o r b i t i n g  s p a c e c r a f t  i n  complex 
ope ra t ions  In  outer  space would be demonstrated f o r  t h e  f i r s t  t imc.  
We wou1.d be fol lowing i n  t h e  f o o t s t e p s  o f  t he  l u n a r  rendezvous o f  tho 
Apollo f l i g h t s .  The l a g  behind the  United S t a t e s  and t h e  Sovie t  Union 
i s  obvious. Even s o ,  t h i s  know-how would be acqui red  i n  timc t o  keep 
us a b r e a s t  of developments i n  i n d u s t r i a l  a p p l i c a t i o n s .  I t  i s  p re -  
c i s e l y  i n  t h i s  pe r iod  t h a t  NASA plans  t o  experiment wi th  a low a l t i r *  
tude o r b i t i n g  p la t form guided by remote c o n t r o l .  A s i m i l a r  satellite 
i n  synchronous o r b i t  i s  planned f o r  l a t e r ,  i n  1990' This proposal  
t h e r e f o r e  c o n s t i t u t e s  a  goal  worthy of tho cons ide ra t ion  o f  t he  o t h e r  
Common Market p a r t n e r s  and around which each one ' s  long-range 
planning could be coordinated.  
P a r t  11: Putura  Programs 
A romarkably f r u i t f u l  pe r iod  of  t e c h n i c a l  innova t ion  has 
j u s t  ondod, I t  has l e d  t o  a r evo lu t iun  In  n a t i s ~ i d l  and i n t e r n a t i o n a l  
telecommunications,  Moro s p e c i f i c a l l y ,  t h e  4-6 and 1 1 1 1 4  b i l l i o n  
Hertz frequency rringos wore opened up f o r  co~nmunient ions u se ,  
long d i s t a n c e  t e l e v i s i o n  t ransmiss ion  v i a  s a t e l l i t e  was in t roduced ,  
and a  world-wide system o f  weather s a t e l l i t e s  was c r e a t e d ,  We now 
seam t o  have en tosed  a  p e r i o d  of  c o n s o l i d a t i a n ,  r\n examination 
of  t h e  p r o j e c t s  proposed by o r g a n i z a t i o n s  engaged i n  space research  
r e v e a l s  an emphasis on c o n t i n u i t y  and s e c u r i t y .  Lnnsvations with 
unforseosble  r i s k s  a r e  avoide4,  
The most e l a b o r a t e  p roposa l s  concern t h e  s t a t e  of  communications 
s a t e l l i t e  systems t e n  years  from now, Thus, I n t e l s a t  p lans  t o  i n c r e ~ l s e  
the  number o f  te lephone channels  pe r  s a t e l l i t e  from t h e  p re sen t  
24,000 i n  I n t e l s a t  V t o  320,000 i n  I n t e l s a t  V T I ,  which w i l l  be 
launched around 1999.  Of course ,  t h i s  p rogress ion  w i l l  he accompanied 
by var ious  t e c h n i c a l  re f inements .  Examples o f  p r o j e c t e d  imp~ovements 
i nc lude  the  use  o f  i n t e r s a t e l l i t e  r e l a y s ,  t h e  i n t r o d u c t i o n  of  m u l t i -  
beam antennas ,  advances i n  modulation and mu l t i p l e  access  t echniques ,  
and inc rea sed  a c t i v i t y  i n  t he  1 1 - 1 4  BNz band a long w i t h  p o s s i b l e  
expansion t o  t h e  20-36 BHz range,  The f i e l d  of  space  con~munications 
w i l l  t hus  con t inue  t o  hold  t h e  l i a n ' s  sha re  o f  t he  commercial market 
f o r  space hardware f o r  a  long time t o  come, 
A s  f o r  t h e  commercial a p p l i c a t i o n  of  e a r t h  survey s a t e l l i t e s ,  
the  most o f t e n  expressed d e s i r e s  involve  e s t a b l i s h i n g  a  s e r v i c e  
t h a t  r e g u l a r l y  f u r n i s h e s  d a t a  u se fu l  i n  weather p r e d i c t i o n ,  t h e  man- 
agement of n a t u r a l  r e sou rces ,  e t c .  The i n t r o d u c t i o n  of  high f r e -  
quency camoras i s  obviously  envis ioned.  This would e l i m i n a t e  i n t e r -  
fe rence  by c louds  which block t h e  v i s i b l e  and i n f a r e d  p a r t s  o f  t h e  
spectrum. F a r t h e r  down t h e  road ,  t he  i n c r e a s i n g  use o f  s a t e l l i t e s  
i n  synchronous o r b i t  w i l l  p rovide  cons tun t  obse rva t ion  o f  va r ious  
regions  of  t h e  e a r t h .  The most s tubborn problem t h a t  remains t o  
be soJvod i s  t h a t  o f  rapad ly  p roce s s ing ,  i n t e r p r e t i n g ,  and dissam* 
i n a t i n g  da t a .  
Real t e c h n o l o g i c a l  breakthroughs  cou ld  BCCUT i n  two f ie lds ,  These /2 
are t h e  p e r f e c t i o n  o f  i n d u s t r i a l  p roce s se s  f o r  f a b r i c a t i n g  now ma- 
t e r i a l s  i n  w s i g h t l s s s  su r round ings ,  and t h e  i n t r o d u c t i o n  o f  now types  
o f  communications s a r v i c e s  a9 improvamants i n  apace t r a n s p o r t s  make 
them p o s s i b l e .  
Tho B e n e f i t s  Obta inab le  i n  M a t e r i a l s  P roce s s ing  - 
The g r e a t l y  reduced g r a v i t y  on board o r b i t i n g  v e h i c l e s  opens t h e  
door t o  the  s t u d y  and a p p l i c a t i o n  of  p h y s i c a l  p roce s se s  i n  which 
t r a n s f e r s  of  mass and thermal  energy arc  d i s a s s o c i a t e d .  The f i r s t  
a t t emp t s  i n  t h i s  now f i e l d  wore made on t h e  Skylab and had s p e c t a c Y  
u l a r  r o s u l t s .  Giant  nretal llwhi.;kerst' were produced,  and,  on a moro 
fundamental l e v e l ,  v e ry  impor tan t  phenomena i nvo lv ing  s u r f a c e  t en s ion  
were d i s cove red .  
Contrary  t o  what had been thou,ht  i r i i t i a l l y ,  it r a p i d l y  became 
apparen t  t h a t  a p p l i c a t i o n  t o  i n d u s t r y  was n o t  y e t  w i th in  s i g h t ,  A 
pe r iod  o f  b a s i c  r o sea r ch  was needed f i r s t .  Th i s  r e s e a r c h  r e p r e s e n t s  
one o f  t h e  most k,nportant i n v e s t i g a t i o n s  now be ing  under taken i n  
o u t e r  space ,  A t  t h e  same t ime ,  app l i ed  r e sea r ch  i n t o  m a t e r i a l s  pro-  
c e s s i n g  i s  a l s o  going on. Two new deve1opn)ents which open t h e  way 
t o  new p roduc t s  can be c i t e d :  
- - Procedures  f o r  hand l ing  p roduc t s  n o t  conf ined i n  c o n t a i n e r s ,  
f o r  use i n  c a se s  where chemicals  would r e a c t  wi th  t h e  c r u c i b l e  
i n  which they r e s i d e d .  These p rocedures  could  be used f o r  t h e  p ro -  
duc t i on  o f  g l a s s  o r  ce ramics ,  i n c l u d i n g  r a r e  e a r t h s  and s p e c i a l  
meta l  a l l a y s .  
- -  Procedures u s i n g  h e a t  t o  p rocess  gases  and l i q u i d s  and which 
would avo id  s e p a r a t i o n  due t o  g r a v i t y  o r  convect ion t h a t  occurs  
on the  ground. Products  o f  excep t i ona l  p u r i t y  and s t r u c t u r a l  
q u a l i t y  (metal  whiskers ,  i n  p a r t i c u l a r )  a s  we l l  a s  a l l o y s  t h a t  
cannot  bs produced en  o a r t h  (because  o f  imrnisciblo components, 
f o r  i n s t a n c e ]  cou ld  t h u s  ba ob t a ined .  
Some of  t h o  new subs t ances  t h a t  hava been produced a re  ve ry  
promis ing.  They Inc luda  semiconductors ,  sups rconduc tors ,  and inage 
netic and o p t i c a l  m a t e r i a l s .  One of t h e  sxper imsn ts  performed by 
tho  m a t s r i e l s  s c i o n c e  s e c t i o n  of t h o  CMES has b ~ s n  t h e  s y n t h e s i s  
o f  HgIZ c r y s t a l s .  Thesa c r y s t a l s  might bo u s c f u l  i n  t h e  c o n s t r u c t i o n  
o f  X= and gamma r ay  d e t e c t o r s  t h a t  would be ve ry  a e n s l t l v a  i n  
o r d i n a r y  su r round ings .  Another example Is t ho  magnetic  a l l o y s  
that  have basn t h e  o b j c c t  o f  o x p l o r a t o r y  experiments on board t h e  
S a l y u t  (Elma 1) s p a c e c r a f t ,  
There i s  no doubt  t h a t  space  f l i g h t  nlakes p o s s i b l e  t h e  p roduc t ion  /s 
o f  a x c e p t i o n a l l y  h igh  q u a l i t y  o r  e n t i r e l y  new m a t e r i a l s .  Howevcr, 
t h e  p r o f i t a b i l i t y  o f  f a b r i c a t i n g  t h e s e  subs t ances  i n  o u t e r  space  
C has not ye t  bcen e s t a b l i s h e d .  The c o s t  o f  space  t r a n s p o r t a t i o n  i s  a 
c r u c i a l  f a c t o r ,  
A t  p r e s e n t ,  t h e  on ly  i tems t h a t  would be ~ & ~ e t i t i v e  wi th  t h e i r  
t e r r e s t r i a l l y  produced e q u i v a l e n t s  a r c  t h e  s o - c a l l e d  " s t r a t e g i c  
m a t e r i a l s w ,  Tho on ly  c o n s i d e a t i o n s  i n  purchas ing  such ~ n a t e r i a l s  
a r e  t h e l r  q u a l i t y  and performance.  A t  t@ f l e s e n t  t ime ,  a few hundred 
ki lograms o f  them a r e  produced oach y e a r  f a t  t h e  t e c h n o l o g i c o l l y  
advanced n a t i o n s .  Their i n c r e a s i n g  p o p u l a r i t y  could result i n  an 
annual  p roduc t ion  of  a few m e t r i c  t ons  i n  t e n  t o  twenty y e a r s .  
The h igh ly  compet i t ive  market f o r  s p e c i a l i z e d  h igh technology 
m a t e r i a l s  i s  much %rger .  I t  amounts t o  hundreds o f  t ons  pc r  y c a r .  
This market cou ld  be e n t e r e d  as soon a s  t c c o s t  of  space  t r a n s p o r t  B has decreased  t o  t h e  l e v e l  02 15  t o  2 3  thousand f r a n c s  p e r  ki logram. The 
p r o j e c t e d  c o s t  o f  u s i n g  t h e  Ariane V t o  l a r p c h  payloads i n t o  low 
a l t i t u d e  o r b i t  f a l l s  e x a c t l y  w i th in  t h i s  range.  [See P a r t  111,) 
e 
The B e n e f i t s  Obta inab le  from S a l l e l l i t e  Communications and Broadcas t ing  
Tn t h e  y e a r s  t o  como comf in i ca t i ons  and b roadcas t i ng  w i l l  c on t i nue  
t o  be t h e  main commerciaS use o f  o u t e r  space ,  Two f a c t o r s  a r c  a t  
work: the  growing needs o f  numerous n a t i o n s  w i l l  f o r ce  them t o  pur-  
chase new communications f a c i l i t i e s ,  and new types  o f  s e r v i c e  w i l l  
p robably  be in t roduced .  
For t he  ma jo r i t y  of  c o u n t r i e s ,  whatever t h e i r  l e v e l  of  deve l -  
opment, economic growth b r ings  wi th  it inc reased  p r e s s u r e  on t e l e -  
communications networks,  added te lephone t r a f f i c ,  more d a t a  t r a n s -  
miss ion,  and g r e a t e r  demand f o r  telephone/computer hookups. A s u r -  
vey o f  t he se  needs shows t h a t  te lephone use remains t h e  most important  
demand. I t  w i l l  r ep re sen t  about  7 5 %  o f  t o t a l  s a t e l l i t e  capac i ty  i n  
2003, a s  compared t o  80% i n  1983, The same survey a l s o  i n d i c a t e s  t h a t  
many c o u n t r i e s  w i l l  need t o  use  communications s a t e l . l i t e s .  Two 
p o s s i b i l i t i e s  a r e  open t o  them. They can e i t h e r  r e n t  channels on 
e x i s t i n g  i n t e r n a t i o n a l  networks o r  they  can c o n s t r u c t  t h e i r  own domestic 
o r  r eg iona l  systems.  
We have a  double r o l e  t o  p l ay  i n  t h i s  con tex t .  Wo must be 
a b l e  t o  meet o u r  own needs and a i s o  e s t a b l i s h  new communications 
s a t e l l i t e  networks f o r  o t h e r s ,  
The appearance o f  new types  of  s e r v i c e  could change t h e  s i t u a t i o n  
cons iderab ly .  I f  one i n c r e a s e s  t he  dimensions and t h e r e f o r e  t h e  power 
of a  s a t e l l i t e  i n  o r b i t ,  t h e  s e n s i t i v i t y  and s i z e  of  ground s t a t i o n s  
can be reduced. This very s imple  i dea  w i l l  a l low t h e  i n t r o d u c t i o n  of 
microrece ivers  e a r l y  i n  the  nex t  cen tury .  Minia ture  r e c e i v e r s  
could be used a s  mobile t e lephones ,  i n  alarm and s e c u r i t y  systems,  
as  paging and l o c a t i n g  dev i ce s ,  e t c .  Our posi t i ,on as a s u p p l i e r  of  
space equipment w i l l  be t h r ea t ened  un l e s s  we can provide  t h e s e  new 
types  of  s e r v i c e s .  
This b r i e f  a n a l y s i s  has made two t h i n g s  c l e a r .  In  t h e  f i r s t  
p l a c e ,  t he  expressed needs o f  p r e sen t  s a t e l l i t e  u se r s  r e q u i r e s  no 
g r e a t  t e chno log ica l  breakthroughs .  Secondly, t h e  i n d u s t r i a l  market 
f o r  space  equipment i s  e s s e n t i a l l y  l i m i t e d  t o  telecommunications and 
m a t e r i a l s  p ~ ~ o c a s s i n g  . 
2 .  The American P e r s p e c t i v e  
The q u a l i f i e d  conse rva t i sm t h a t  i s  a p p a r e n t  when t a l k i n g  t o  
p r e s e n t  o r  p o t e n t i a l  space  equipment customers c o n t r a s t s  s h a r p l y  
w i t h  t h e  over f lowing  en thus iasm e v i n c e d  i n  NASAt s p r o p o s a l s ,  (See 
NASA Five Year P l a n ,  F i s c a l  Years 1980-1984.) NASA's p l a n s  a r e  n o t  
l i m i t e d  t o  t h e  devolopment o f  a u t o m a t i c  and pi1,oted s p a c e c r a f t  f o r  
u s e  i n  o r b i t a l  t r a n s f e r s .  The a s t r o n a u t i c a l  f u t u r e  mapped o u t  
i n  t h e s e  p r o p o s a l s  i s  based on permanent spacc  s t a t i o n s  i n  low and 
synchronous e a r t h  o r b i t  and t h e  c o n s t r u c t i o n  of g i z a n t i c  s t r u c t u r e s  
f o r  g a t h e r i n g  s o l a r  ene rgy  u r  r a d a r  o b s e r v a t i o n  o f  t h e  atmosphere.  
T h i s  d i f f e r e n c e  i n  v iewpoint  demands an e x p l a n a t i o n .  
The f i r s t  r e a s o n  f o r  t h e  r a c e  towards g i a n t i s m  l i e s  i n  NASA's 
own dynamic. NASA i s  e x p l i c i t l y  charged w i t h  promoting new deve lo l -o  
ments. The a b i l i t y  o f  t h e  American economy t o  i n t r o d u c e  new p r o d u c t s  
f o r  domest ic  consumption b e f o r e  imposing them on t h e  world market 
cannot  b e  underes t ima ted .  A c l a s s i c  example o f  t h i s  i s  i n  one o f  
o u r  a r e a s  o f  i n t e r e s t ,  s a t e l l i t e  communications. U n t i l  r e c e n t l y ,  t h i s  
f i e l d  was p r a c t i c a l l y  monopolized by t h e  Americans, The d e s i g n  o f  - / I2  
l a r g e  mul t ipurpose  space  s t a t i o n s  cou ld  be viewed a s  a  means o f  
o u t  d i s t a n c i n g  growing European and Japanese  compet i t ion  i n  t h e  con- 
v e n t i o n a l  s a t e l l i t e  market .  I t  might r e e s t a b l i s h  t h e  Americans' 
monopoly by s h i f t i n g  t h e  c o n f r o n t a t i o n  t o  an a r e a  where compet i to r s  
would be  handicapped by a  l a c k  of  a p p r o p r i a t e  launch v e h i c l e s  and 
manned s p a c e c r a f t .  This  s h o u l d  be k e p t  i n  mind when r e a d i n g  t h e  
f o l l o w i n g  c r i t i q u e  o f  t h e  f u t u r e  p r o j e c t s  found i n  t h e  NASA p l a n ,  
Three f e a t u r e s  d i s t i n g u i s h  t h i s  p l a n :  
- -  The development o f  a p p a r a t u s  t o  ma in ta in  and r e p a i r  v e h i c l e s  
i n  o r b i t  ( t h e  s e r v i c e  s a t e l l i t e ) ,  
- -The d e s i g n  o f  new g e n e r a t i o n s  of' space  s t a t i o n s .  
- - A  f a s c i n a t i o n  w i t h  l a r g e  dimensions.  
The S e r v i c e  S t * t e l l i t e  
+-- 
The g o a l  o f  t h i s  program i s  t o  r e c o v e r ,  m a i n t a i n ,  r e p a i r ,  o r  
d e s t r o y  s a t e l l i t e s  i n  o r b i t .  Achieving t h i s  depends on t h e  deve3op- 
ment o f  c e r t a i n  types  o f  equipment and t o o l s .  
The f i r s t  n e c e s s a r y  e lement  i s  the RMS manipu la to r  arln 
a t t a c h e d  t o  t h e  Space S h u t t l e .  Th i s  arm e n a b l e s  t h e  crew t o  deploy 
and r e t r i e v e  s a t e l l i t e s  i n  t h e  immediate v i c i n i t y  o f  t h e  s p a c e c r a f t  
wi thou t  l e a v i n g  t h e  c a b i n .  For maintenance and r e p a i r  o p e r a t i o n s ,  
NASA has dev i sed  a  number o f  t o o l s  (mechanical  hands) and a  p l a t f o r m  
t h a t  can  be connected  t o  t h e  RMS. E a r l y  v e r s i o n s  o f  t h i s  p l a t f o r m  w i l l  
c o n s i s t  o f  an exposed "cher ry  p i c k e r w .  L a t e r ,  a  p r e s s u r i z e d  compart- 
ment w i l l  be added on. NASA p l a n s  t o  p e r f e c t  t h i s  equipment by 
1983 o r  1984. 
NASA i s  d e s i g n i n g  a  remote c o n t r o l l e d  s e r v i c e  module t o  perform 
o p e r a t i o n s  a t  a  g r e a t e r  d i s t a n c e  from t h e  s p a c e c r a f t ,  The s e r v i c e  
module i s  a  d i r e c t  r e s u l t  o f  r e sea re l l  done t o  s a v e  t h e  Skylab 
( T e l e o p e r a t o r  R e t r i e v a l  System). I t  w i l l  be a b l e  t o  f u n c t i o n  w i t h i n  
a  thousand mi le  r a d i u s  o f  t h e  Space S h u t t l e  and w i l l  be a d j u s t a b l e  
t o  pe r fo rm v a r i o u s  r e p a i r s  on s a t e l l i t e s  i n  o r b i t  a s  w e l l  a s  t o  
~ e t r i e v e  whole s a t e l l i t e s .  A l l  t h a t  i s  n e c e s s a r y  t o  s e r v i c e  s a t e l l i t e s  
i n  synchronous o r b i t s  i s  t o  f i t  t h i s  module t o  a  t r a n s f e r  v e h i c l e  
(OTV) . 
I n  a n o t h e r  f i e l d ,  NASA p l a n s  t o  improve i t s  i n h a b i t a b l e  Spacelab  / l 3  
-
o r b i t e r  s o  t h a t  i t  can f u n c t i o n  a s  a  permament space  s t a t i o n  y o s i t i o n -  
a b l e  i n  e i t h e r  low o r  synchronous o r b i t .  The o b j e c t i v e s  pursued 
h e r e  i n v o l v e  t h e  two s u b j e c t s  we have been c o n c e n t r a t i n g  on,  
m a t e r i a l s  p r o c e s s i n g  and communications, 
M a t e r i a l s  P roduc t ion  S t a t i o n s  
NASA a l s o  wants  t o  a d a p t  t h e  c u r r e n t  Space lab  model t o  c r e a t e  a 
fami ly  of m a t e r i a l s  ~ c i c n c e  xper iment  c a p s u l e s  (MEC) . The f i r s t  
w i l l  be automated and be a b l e  t o  remain up t o  s i x t y  d a y s i n  space ,  
They w i l l  perform r e s e a r c h  o f  a  more a p p l i e d  n a t u r e  t h a t  t h a t  
p lanned f o r  t h e  Spacelab ,  
The second gene ra t i on  w i l l  be cap; 1.1 o f  f u n c t i o n i n g  permanently 
i n  o r b i t .  Such models w i l l  c a r r y  two t o  e i g h t  m e t r i c  t ons  and have a  
power supply  of  10  kw. They w i l l  pe rmi t  l oad ing ,  maintenance,  and 
r e p a i r  i n  o r b i t .  
A more advanced, f u l l - s c a l e  i n d u s t r i a l  s t a g e  has  a l s o  been 
ske tched  ou t .  I t  w i l l  make use  o f  even l a r g e r ,  possi .bly p r e s s u r i z e d  
s p a c e c r a f t .  However, no work on t he se  v e h i c l e s  has  ye2 been planned.  
Space P la t fo rms  i n  Synchronous O r b i t  - - ,  and S o l a r  Energy P l a n t s  -
Large space  s t a t i o n s  could  p r e s e n t  g r e a t  advantages  by p rov id ing  
f o r  t h e  s imul taneous  u se  o f  a wide v a r i e t y  o f  equipment f o r  weather  
obse rva t i on ,  n a t u r a l  r e sou rce  management, t e l ephone  and t e l e v i s i o n  
t r an smi s s ion ,  e t c .  An improved communications system could  reduce 
the  i n t e r f e r e n c e  problem by u s i n g  l a r g e  a p e r t u r e  an tennas ,  m u l t i p l e  
and/or  narrow beam b roadcas t i ng ,  and c i r c u i t s  f o r  swi tch ing  beams 
between va r i ous  an tennas .  T h i s  would make f o r  a  more eEf ic i , en t  use  
o f  synchronous o r b i t i n g  and t h e  high f requency end of  t h e  spectrum. 
Some p re l im ina ry  s t u d y  has  been done i n  t h e  U.S. on l a r g e  s o l a r  
energy c o l l e c t o r s .  However, t h e  NASA p l a n  shows more i n t e r e s t  i n  
200 t o  500 kw s o l a r  g e n e r a t o r s  t o  power s p a c e c r a f t  than  i n  s o l a r  
energy s t a t i o n s  t o  t r a n s m i t  energy back t o  e a r t h .  
Research i n t o  t h e  o r b i t a l  assembly o f  s t r u c t u r e s  with dimensions - /14 
o f  s e v e r a l  hundred meters  was r e l a t e d  t o  p ropose l s  f o r  l a r g e - s c a l e  
s o l a r  energy p l a n t s .  For t h e  moment, NASA seems t o  have i t s  s i g h t s  
s e t  on more modest a ssembl ies  i n  space :  
- -  Assembling and t e s t i n g  o f  a  model space p l a t fo rm  and o f  
t h e  ins tu rments  needed t o  perform t h e  d i f f e r e n t  f unc t i ons  o f  
t h i s  p l a t f o r m  ( i n  p r e p a r a t i o n  f o r  a m u l t i m i s s i o n  space  s t a t i o n ) .  
- -  T e s t i n g  u n f o l d i n g  an tennas  ( i n  c o o p e r a t i o n  w i t h  t h e  Department 
o f  Defense because o f  t h e  m i l i t a ~ y  i n t e r e s t  i n  t h i s  f i e l d ) .  
- -  Demonstrat ing t h e  p o s s i b i l i t y  o f  f a b r i c a t i o n  i n  o r b i t .  
i This  qu ick  examina t ion  o f  t h e  NASA p l a n ,  which c o n z r e t i z e s  t h e  
American s t r a t e g y  f o r  o u t e r  s p a c e ,  has  r e v e a l e d  two e s s e n t i a l  p o i n t s :  
- -  NASA is going t o  t r y  t o  develop t h e  a p p a r a t u s  f o r  s e r v i c i n g ,  
r e s u p p l y i n g ,  and modifying s a t e l l i t e s  i n  o r b i t ,  
- -  NASA is t r y i n g  t o  make communications technology evo lve  i n  
t h e  d i r e c t i o n  o f  l a r g e  o r b i t a l  space  s t a d i o n s .  
i 
1 3 .  A P o s s i b l e  Approach t o  L o n ~ T e r m  Development 
d 
Given t h e  weaknesses i n  t h e  American g l a n s ,  and t h e  economic and 
m i l i t a r y  s i g n i f i c a n c e  o f  t h e  space  i n d u s t r y ,  t h e  p o s s i b i l i t y  o f  a  
renewed t e c h n o l o g i c a l  c h a l l e n g e  cannot  be d i s c o u n t e d .  This  would i n -  
volve  e i t h e r  low a l t i t u d e  o r b i t i n g  s a t e l l i t e s  f o r  e x p l o r i n g  new 
m e t a l l u r g i c a l  p r o c e s s e s  o r  automated o r  manual assembl ing  and s e r -  
v i c i n g  i n  space o f  much l a r g e r  o r b i t i n g  s t r u c t u r e s  f o r  purposes  
n o t  y e t  f o r e s e e n .  However, w e s t e r n  European space  programs a r e  o f  
a s m a l l e r  s i z e  t h a n  NASA's. We cannot  e x p l o r e  a l l  promis ing  l i n e s  
o f  r e s e a r c h ,  a s  NASA does.  The o n l y  r e a s o n a b l e  s t r a t e g y  i s  t o  f i r s t  
enumerate a l l  t h e  t e c h n o l o g i e s  c u r r e n t l y  c e n t r a l  t o  space  miss ions .  
We cou ld  t h e n  e s t a b l i s h  a n  exper imenta l  p r o j e c t  t h a t  would pe rmi t  
t h e  development and t r i a l  of t h e s e  t e c h n o l o g i e s  i n  a s  c o n c e n t r a t e d  
a manncr a s  p o s s i b l e .  
The Key Technologies  
Numerous t e c h n i c a l  improvements a r e  t o  be e x p e c t e d  and w i l l  be 
g r a d u a l l y  i n t r o d u c e d  i n  f u t u r e  s a t e l . l i t e s ,  even t h o s e  of  conven t iona l  
d e s i g n .  The p r o g r e s s  of  t h e s e  b a s i c  t e c h n o l o g i e s  i s  t h e  o b j e c t  of  
t h e  g e n e r a l  R and D program and i s  n o t  a t  i s s u e  h e r e .  
However, t h e  range o f  now miss ions  t h a t  can be p r e d i c t e d  f o r  t h e  
coming y e a r s  n e c e s s i t a t e s  t h e  i n t r o d u c t i o n  o f  t e c h n o l o g i e s  e n t i r e l y  
new t o  t h e  Common Market space  program. Exper ience  i n  t h e  fo l lowing  
ksy t e c h n o l o g i e s  must be  ach ieved  b e f o r e  p roceed ing  wi th  f u t u r e  
p r o j e c t s  : 
S a t e l l i t e  t o  s a t e l l i t e  communications: Wide band communication 
between s a t e l l i t e s  i n  low e a r t h  o r b i t  and r e l a y  s a t e l l i t e s  i n  
synchronous o r b i t  a r e  n e c e s s a r y  i n  two s i t u a t i o n s .  The f i r 7 t  i s  i n  
making up f o r  t h e  l i m i t e d  c a p a c i t y  o f  t h e  r e c o r d e r s  on board  e a r t h  
su rvey  s a t e l l i t e s .  The second i n s t a n c e  i s  i n  e x p e r i m e n t a t i o n  
on o r b i t a l  manoeuvers, which r e q u i r e  c o n s t a n t  c o n t a c t  between t h e  
s p a c e c r a f t  and t h e  ground command. I n  a d d i t i o n ,  l i n k s  between 
s a t e l l i t e s  i n  synchronous o r b i t  i s  an obvious  t echn ique  i n  improving 
f u t u r e  g l o b a l  te lecommunicat ions  sys tems.  
O r b i t a l  rendezvous:  Rendezvous and docking have been mastered  
by b o t h  t h e  Uni ted  S t a t e s  and t h e  S o v i e t  Union, w i t h  o r  wi thou t  a 
p i l o t  on board.  Automatic docking has  been demonst ra ted  p a r t i c -  
u l a r l y  by t h e  P r o g r e s s  program. Techniques f o r  i n t e r c o n n e c t i n g  e l e c t r i c  
and h y d r a u l i c  c i r c u i t s  a r e  i n d i s p e n s i b l e  f o r  s e r v i c i n g  permanent space  
s t a t  i o n s .  
Reent ry  and recovery :  The m a j o r i t y  o f  n o n s c i e n t i f i c  miss ions  i n  
o u t e r  space  can be accomplished by nonrecoverab le  s p a c e c r a f t ,  which i 
cou ld  even be d e s t r o y e d  on purpose  t o  v a c a t e  t h e i r  p o s i t i o n  i n  o r b i t .  
However, t h e  p r o d u c t i o n  o f  m a t e r i a l s  i n  a w e i g h t l e s s  environment 
r e q u i r e s  t h e  recovery  o f  samples from t h e  space  s t a t i o n .  The 
recovery  o f  s p a c e  c a p s u l e s ,  minimally i n v o l v i n g  t h e  s i m p l e s t  t e c h n i q u e s  
o f  aerodynamic b r e a k i n g  o f  an unmanned r e e n t r y  v e h i c l e ,  t h e r e f o r e  
f i g u r e s  among t h e  t e c h n o l o g i e s  c e n t r a l  t o  t h i s  type  o f  program. 
Remote c o n t r o l l e d  manipu la t ion :  Performing complex o p e r a t i o n s  i n  - 116 
o r b i t  w i t h o u t  t h e  d i r e c t  involvement o f  human o p e r a t o r s  presupposes  
t h e  development of  r o b o t - l i k e  appendagos. These a d a p t a b l e  t o o l s  w i l l  
e i t h e r  be  c o n t r o l l e d  by a p r e e s t a b l i s h e d  program o r  by t h e  i n s t a n -  
eous i n t o r v e n t i o n  o f  an o p e r a t o r  on t h e  ground,  Robots have a l r e a d y  
a roused  g r e a t  i n t e r e s t  f o r  use  i n  ter res t r ia l  a p p l i c a t i o n s  where d i r e c t  
access  by human be ings  i s  c o s t l y  o r  i m p o s s i b l e ,  Independent ly  o f  
t h i s ,  t h e  implementa t ion  of t echn iques  o f  t e l e c o n t r o l  i s  v i t a l  t o  t h e  
c o n s t r u c t i o n  o f  s p a c e c r a f t  des igned  t o  be s u p p l i e d  and s e r v i c e d ,  i f  
n o t  modi f i ed ,  i n  s p a c e ,  Th i s  i s  t h e  o n l y  way t o  a t t a i n  a r e a l l y  
prolonged o p e n a t i o n a l  l i f e ,  comparublc t o  t h a t  o f  i n d u s t r i a l  f a c i l i t i e s  
on e a r t h .  
E l e c t r i c  power: A p p l i c a t i o n s  e n v i s i o n e d  i n  t h e  f i e l d s  o f  h igh  
power te lecommunicet ions  and m a t e r i a l s  p r o c e s s i n g  demand a  source  o f  
e l e c t r i c a l  ene rgy  on t h e  o r d e r  of 10  kw. This  i s  c o n s i d e r a b l y  
more power t h a n  i s  a v a i l a b l e  on p r e s e n t  s p a c e c r a f t  (1 kw). The use  
of s o l a r  c e l l s  p r e s e n t s  no  d i f f i c u l t i e s  h e r e ,  However, t h e  i n t r o -  
d u c t i o n  of  l a r g e  s ize  s o l a r  g e n e r a t o r s  r a i s e s  new problems o f  
deployment and r i g i d i t y  t h a t  w i l l  have t o  be surmounted. 
The Role of  Human Beings 
Human b e i n g s  can c a r r y  o u t  a c t i v i t i e s  i n  space  c i t h e r  by 
remote con t ro l ,  a s  i n  i n t e r p l a n e t a r y  p robos ,  o r  by d i r e c t  p a r t i c i p a t i , o n ,  
a s  i n  t h e  Apollo l u n a r  e x p e d i t i o n s .  I n  considering t h e  o p t i o n s ,  t h e  
d i f f e r e n c e  between t h e  h i g h l y  d i v e r s i f i e d  and e v o l v i n y  i n v e s t i g a t i o n s  
p lanned f o r  t h e  Spacelab  and t h e  Russ ian  S a l y u t  o r b i t i n g  s t a t i o n  
and r e p e t i t i v e  i n d u s t r i a l  p r o c e s s e s  must be t aken  i n t o  account .  I t  i s  
the  second group of  a c t i v i t i e s  t h a t  h o l d s  o u r  a t t e n t i o n  h e r e .  I n  
g e n e r a l ,  t h e r e  a r e  t h r e e  p r a c t i c a l  modes i n  which humans could  
perform work i n  space :  
( i )  The d i r e c t  e f f o r t  o f  an a s t r o n a u t  i n  a  p r e s s u r i z e d  s u i t .  This  
i s  most s a t i s f a c t o r y  when t h e r e  i s  a  s o l i d  s t r u c t u r e  t o  s u p p o r t  
him. The a s t r o n a u t  would move o b j e c t s  and t o o l s  around 
m a ~ ~ u a l l y  ( " E x t r a v e h i c u l a r  A c t i v i t y 1 ' )  . 
( i i )  The i n d i r e c t  e f f o r t  of an a s t r o n a u t  i n s i d e  an o r b i t i n g  
v e h i c l e  and u s i n g  d i r e c t  v i s u a l  and /or  t a c t i l e  c o n t a c t  t o  
he lp  him o p e r a t e  dev i ce s  by remote c o n t r o l .  
( i i i )  Long d i s t a n c e  manipula t ion  ope ra t ed  i n  r e a l  time o r  s imply 
preprogrammed by a computer on t h e  ground. 
I n  t h e  more d i s t a n t  f u t u r e ,  work accomplished by complete ly  
au tomat ic  r o b o t s  can a l s o  be fo reseen .  Such robo t s  would e i t h e r  be 
programmed o r  would be capab le  o f  independen t ly  responding t o  s t i m u l i  
r e c e i v e d  by t h e i r  own r e c e p t o r s .  We w i l l  no t  de lve  i n t o  t h i s  
q u e s t i o n  he r e .  
The d i f f e r e n c e  between modes ( i )  and [ii) l i e s  o n l y  i n  t h e  d i f f e r i n g  
e f f e c t i v e n e s s  o f  t h e  hand and t h e  t o o l .  The t o o l  can be shown t o  b e  
s u p e r i o r  each time t h a t  a s t anda rd i zed  t a s k  i s  t o  be done i n  which 
s p e c i f i c  t o o l s  f o r  t h e  job have been c o n s t r u c t e d .  The programmable 
machine t o o l s  and r o b o t s  used today i n  mass p roduc t i on  a r e  evidence  
of  t h i s .  On t h e  o t h e r  hand, t h e  d i s t i n c t i o n  between modes ( k i )  and 
( i i i )  l i e s  i n  t he  d e l a y  i n  t r an smi s s ion  o f  in fo rmat ion  between 
machine and o p e r a t o r ,  This  de l ay  i n  t h e  command loop i s  a  c o n s t r a i n t  
whose e f f e c t s  must be s t u d i e d  expe r imen t a l l y .  I t  has  a l r e ady  been 
demonstrated t h a t  t h i s  o b s t a c l e  can be overcome if t h e  t e l e c o n t r o l l e d  
appa ra t u s  has  s u f f i c i e n t  autonomy. Th is  i s  t h e  conc lu s i an  t h a t  
can be drawn from t h e  success  of t h e  S o v i e t  ground crew i n  o p e r a t i n g  
t he  Lunokhod v e h i c l e  on t h e  s u r f a c e  o f  t h e  moon d e s p i t e  a  t r an smi s s ion  
d e l a y  o f  one second i n  each d i r e c t i o n .  
We can p r o v i s i o n a l l y  conclude from t h i s  r a p i d  a n a l y s i s  t h a t  any 
work performed t o  modify, check up on, o r  main ta in  an i n ~ v s t r i a l  
p roce s s  o r  commercial s e r v i c e  i n  space  can be broken down i n t o  a  
s e r i e s  of  s t a n d a r d i z e d  a c t i o n s .  Furthermore,  t h e s e  a c t i o n s  can 
be c a r r i e d  o u t  a u t o m a t i c a l l y  under t h e  c o n t r o l  o f  o p e r a t o r s  working 
i n  obv ious ly  more comfor table  su r round ings  wi th  many more r e sou rce s  
a v a i l a b l e  t h a n  would be t h e  c a s e  f o r  an a s t r o n a u t .  Under t h e s e  
c o n d i t i o n s ,  i t  appears  f o r  t h e  moment t h a t  an independent  macned space  
f l i g h t  c a p a b i l i t y  i s  n o t  e s s e n t i a l  f o r  p a r t i c i p a t i n g  i n  advsz t i ng  
space technology i n  t h e  coming docade,  
The t e c h n o l o g i e s  r e q u i r e d  t o  accomplish d i f f e r e n t  typos  o f  f u t u r e  ,t& 
miss ions  can be summed up i n  t h e  f o l l o w i n g  t a b l e :  
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A Demonstrat ion Program: t h e  T r i s a t  P r o j e c t  
One p o s s i b l e  way t o  g a i n  e x p e r i e n c e  i n  t h e  t e c h n o l o g i e s  n e c e s s a r y  
t o  f u t u r e  development i s  t o  c a r r y  o u t  a  program based on one type  
o f  demons t ra t ion  o r  model miss ion .  The members o f  t h e  Common Market 
would have t o  a g r e e  on what k i n d  of  miss ions  t o  c a r r y  o u t .  
Telecommunications i s  n o t  t h e  b e s t  theme f o r  a  p r o j e c t  o f  t h i s  
s o r t  w i t h i n  t h e  framework o f  t h e  Common Market.  This  i s  because 
o f  t h e  immediate commercial i m p l i c a t i o n s  o f  t h i s  technology and a l s o  
because exper imenta l  maneuvers a t  h i g h  a l t i t u d e s  would r e q u i r e  ve ry  
expensive  r o c k e t r y .  E a r t h  su rvey  s a t e l l i t e s  a r e  a l s o  u n s u i t a b l e  be-  
cause  o f  s t r a t e g i c  c o n s i d e r a t i o n s .  Exper imenta l  m a t e r i a l s  p r o c e s s i n g ,  
on t h e  o t h e r  hand, i s  very  a t t r a c t i v e  f o r  t h e  fo l lowing  reasons :  
- -  I t  e x p l o r e s  a  f i e l d  w i t h  long- run ,  s i g n i f i c a n t  i n d u s t r i a l  
ha- - -- 
app l i ca t ions .  
- -  A l l  t he  technological c a p a b i l i t i e s  l i s t e d  above a r e  needed 
i n  t h i s  f i e l d .  
- -  Por the  most p a r t ,  t he  mission would take p lace  i n  a low - / I 9  
a l t i t u d e  o r b i t .  
Preliminary study has suggested a r e l a t i v e l y  complex mission, 
which would include coordinated maneuvers involving two s a t e l l i t e s  
i n  a low a l t i t u d e  o r b i t  arrd a r e l ay  s a t e l l i t e  i n  synchronous o r b i t ,  
T h i s  i s  the T r i s a t  p r o j e c t ,  The s a t e l l i t e  system w i l l  be made up of 
these elements ; 
( i )  A serv ice  module which would house a model mater ia l s  production 
f a c i l i t y .  I t  would include a l l  t he  usual support  se rv ices :  
e l e c t r i c  power p l a n t ,  a t t i t u d e  and o r b i t a l  s t a b i l i z e r s ,  i n fo r -  
mation processing c i r c u i t s ,  and implements f o r  docking w i t h  
other  spacecraf t  and manipulating t o o l s  and substances ins ide  
the  module by remote con t ro l .  
( i i )  A p a r t i a l l y  recoverable automated vehic le  including a means of 
propulsion and an automatic p i l o t  f o r  performing rendezvous 
and docking, I t  would t r anspor t  new equipment (furnaces,  f o r  
example) raw mate r i a l s ,  and consumable f l u i d s  t o  the serv ice  mod- 
u le .  This vehicle  would a l so  have t o  be able  t o  send a recover- 
able capsule containing f in i shed  products back t o  ea r th .  
( i i i )  One o r  severa l  r e l ay  s a t e l l i t e s  i n  synchronous o r b i t  t o  provide 
permanent (?) contact  between mission cont ro l  on the  ground and 
the  two spacecraf t  i n  low a l t i t u d e  o r b i t .  Such re lay  s a t e l l i t e s  
would c lose ly  resemble NASA's TDRS (Transmission and Data Relay 
S a t e l l i t e ) .  
P a r t  111: The, Development o f  t h e  Ariancz S e r i e s  
.I 
When t h e  Ar iane  p r o j e c t  was approved,  c r i t i cs  complained t h a t  
t h e  A r i a n e  was overpowared and t h a t  a  r o c k e t  a b l e  t o  p u t  on ly  359 
t o  400 kg i n  s t a t i o n a r y  o r b i t  would have been s u f f i c i e n t ,  Th i s  was 
t h e  s i z e  o f  t h e  m a j o r i t y  o f  s a t ~ l l i t e s  a t  t h a t  t i m e ,  which was i n  t u r n  
c l o s e l y  r e l a t e d  t o  t h e  c a p a c i t y  o f  t h e  two s t a g e  Thor D e l t a  rocket, 
With t h e  f i n a n c i a l  h ~ T p  of i t s  u s e r s ,  t h e  Thor D a l t a ' s  performance 
was improved and a whole neb c l a s s  o f  synchronous s a t e l l i t e s  w i t h  a  
mass o f  500 t o  600 kg was c r e a t e d ,  Examples o f  t h e s e  s a t e l l i t e s  
a r e  t h e  OTS, MARECS, and t h e i r  d e r i v a t i v e s ,  t h e  ECS and Telecom I ,  
Outs ide  t h e  EEC, Anik C,  SBS, Satcom, and o t h e r s  a l s o  be long t o  
t h i s  group. Another  c l a s s  o f  heavy s a t e l l i t e s  t o  be launched by 
t h e  A t l a s  Centaur  r o c k e t  was under developiilent a t  t h e  same t ime.  
These were p r i m a r i l y  f o r  use  i n  i n t e r n a t i o n a l  communications ( T n t e l s a t  
I V  and fVa).  L a t e r  on ,  Comstar and Westar I11 s e r v e d  the needs ef 
American common c a r r i e r s .  
The development o f  t h e  Space S h u t t l e  has  n o t  r a d i c a l l y  a l t e r e d  
t h e  d i v i s i o n  o f  t h e  market f o r  two r e a s o n s ,  Xn t h e  f i r s t  p l a c e ,  
c o n s t r u c t o r s  of space  equipment wanted t o  be a b l e  t o  use convenl:ional 
l a u n c h e r s  shou ld  t h e  Space S h u t t l e  run i n t o  d i f f i c u l t i e s  o r  long  
d e l a y s .  Secondly,  ;he Space S h u t t l e  i s  equipped wi th  a  s o l i d  f u e l  
o r b i t a l  maneuvering sys tem t h a t  does n o t  a l low f o r  a  cont inuous  
v a r i a t i o n  of pay load  mass, 
One can make two o b s e r v a t i o n s  from t h i s  ve ry  b r i e f  summary o f  
t h e  s i t u a t i o n  when t h e  Ar iane  was p u t  i n t o  s e r v i c e :  
- -  The c a p a c i t y  o f  t h e  Ar iane ,  which can  launch 1000 kg i n t o  
a synchronous o r b i t ,  i s  s l i g h t l y  g r e a t e r  than  t h a t  o f  t h e  A t l a s  
Centaur .  I t  s a t i s f i e s  t h e  requ i rements  o f  a l l  EEC s a t e l l i t e s ,  
which range  between 600 and 1000 kg i n  mass. The S i f t  r e q u i r e -  
ments of  p r a c t i c a l l y  a l l  known p r o j e c t s  o u t s i d e  t h e  Common Market 
a l s o  f e l l  w i t h i n  t h i s  range .  
- -  H i s t o r i c a l l y ,  t h e r e  has  been an  unden iab le  tendency f o r  weight  
t o  be cons tant ly  increased within a pivan category of  s a t e l l i t e e  
Since Ariane must continuo t o  be competitive with t h s  rockets of /2X 
o the r  eount r ias  and since thore  is a l a rge  number o f  s a t e l l i t e s  i n  tho 
500-100Qkgclass  planned f o r  the coming dscads, it i s  necessary t o  
modify the Ariane so a5 t o  ca r ry  two of these  s a t e l l i t e s  a t  once. X t s  
l i f t i n g  capaci ty  must be increased by 4 0 8 ,  and a system for  launching 
two s a t e l l i t e s  simultaneously must  be introduced, These improvements 
can be made a t  a cos t  equal t o  l e s s  than 7t of t h o  t o t a l  cos t  of 
development. The increase  i n  construct ion cos t s  w i l l  a l s o  be 
approximately 7 $ ,  Wo would thus be i n  possesion o f  a rocket capable 
of pu t t ing  1400 kg i n  s t a t i o n a r y  o r b i t  by 1983. 
The long-term fu tu re  of EEC launching v e J ~ i a l e s  w i l l  be an i ssuo  
as soon as  t h i s  version of the  Ariane 1x1 i s  ava i l ab le ,  Taking 
account of the time required t o  complote any rodesign or modification, 
we must begin t o  study the  s i t u a t i o n  soon. Otherwise, we w i l l  not  be 
able t o  meet u s e r s f  requirements a f t e r  1985. 
1. The Detai ls  of the Problem 
1,l Mission Imperatives I ,,I- 
The fo recas t  presented above does not  include any r a d i c a l  break 
with p a s t  condi t ions,  f o r  which the  Ariane rocket was conceived, 
Completely new p r o j e c t s  w i l l  therefore  not  be a determining fac to r  
i n  designing new western European rockets  in  the coming dccsde. 
T h i s  i s  t rue  even i f  the  preformances requi red  by any co~iceivable  
new pro jec t s  a r e  taken i n t o  account as  much as  poss ib le ,  
On the o t h e r  hand, the increas ing  weight of d i f f e r e n t  types of 
s a t e l l i t e s ,  e s s p e c i a l l y  synchronous communications s a t e l l i t e s ,  w i l l  
be a constant f a c t o r  i n  technica l  progress .  In cases where the 
s a t e l l i t e  only uses h a l f  the capaci ty  of the  Ariane, the e x t r a  space 
can be used t o  send supplementary equipment i n t o  o r b i t  t o  perform 
r e l a t e d  services, o r  e x t r a  f u e l  can be c a r r r i e d .  This f u e l  could 
maintain the antsZ19ta i n  synchronous o r b i t  f o r  a longer  period sr 
supply i t  with more s torod s l o c t r i c  ensrgy f o r  times when tho sun 
is o c l i p ~ o d ,  
T h s  capaci ty  of ths Arinns 113 i s  designsd t o  mast the projcctod /22 
ncaeds o f  the years  1982 t o  1985, For flhoavyus3ato21ites w)las@ weight: 
equals the maximum allowable f o r  tho Ariane T:I, mass l i m i t a t i o n s  
havs a l rsady become a soriouv c o n s t r a i n t ,  For example, Xntclsnt V ,  
which w i l l  be f i r s t  launched i n  t h o  boginning of 1988, has suffered 
sevsroly from t h e  restrictions imposed by tho Atlas Contnur, Even 
though fu ture  models, which w i l l  be launched by the  Arianc o r  the 
Spaeo S h u t t l a ,  w i l l  have a l i t t l o  more room, the  introduct ion of new 
s e r v i c e s ,  such as  in  maritime communications, w i l l  tje hampered 
The more advanced I n t e l s a t  Va and I n t e l s a t  VI w i l l  need g rea te r  l i f t -  
o f f  capaci ty ,  The construct ion of t e l e v i s i o n  s a t c J l i t o s  means t h a t  
the c a p a b i l i t i e s  of  tho Ariane 111 could be used immediately. 
1 . 2  Thq..Competition -
The Spacc Shu t t l e  i s  tlre basic  competition f o r  the Ariatrc, 
Although the d i f f i c u l t i e s  encountered i n  developing the  Space 
Shu t t l e  have caused long delays,  the planned l e v e l s  of performance 
and r e l i a b i l i t y  w i l l  be achieved. As f o r  the  exact length of thc 
delays,  the s i t u a t i o n  i s  l e s s  c l e a r ,  Budgetary r e s t r i c t i o n s  have 
forced the production program t o  shoulder the burden of the 
f i n a n c i a l  risks involved. A t  l e a s t  u n t i l  t he  middle of 1982, only a 
s ing le  vehicle  w i l l  b e  i n  serv ice .  These de lays ,  a g rea te r  i n t e r v a l  
than o r i g i n a l l y  planned between f l i g h t s ,  and the necess i ty  of 
reserving some f l i g h t s  f o r  the  mi l i t a ry  have meant t h a t  the calendes 
i s  a l ready f i l l e d  up through the middle of 1g84. I t  i s  c e r t a i n  a t  
t h i s  poin t  t h a t  no s a t e l . l i t e  launchable only by the  Space Shu t t l e  
w i l l  be introduced before 1985,  except f o r  experimental purposes, 
I S 
The cos t s  involved are  a l s o  uncertain.  The proposed pr ices  
announced i n  1971 and revised i n  1975 have not  been readjusted to  
take i n t o  account the f i n a l  spec i f i ca t ions  of  the Spacc Shu t t l e .  
These p r i c e s  can only give an ind ica t ion  of  what the Spaec Shut t le  
w i l l  a c t u a l l y  c o s t .  NASA has decided t o  charge an introductory pr ice  
f o r  t h s  f i r s t  t h roe  yoars  and then t o  change i t  according t o  what 
oxparianca has shown t h e  a c t u a l  c o s t s  t o  bo. Thus ,  i t  w i l l  n o t  bo 
u n t i l  1085 t h a t  ths t r u o  econamic cond i t i ons  o f  t h e  competi t ion w i l l  
ba def ined ,  It i s  a l r s a d y  known t h a t  in a d d i t i o n  t o  t s c h n i c a l  r ea sons ,  
the  r educ t ion  i n  t h e  number o f  schaduled f l i g h t s  w i l l  cause a conn -- / 2 3  
s f d e r a b l a  i n c r e a s e  i n  c o s t s ,  A hypa tho t i cn l  25% i n c r e a s e  has been 
made t o  t r y  t o  compare t h e  p r i c e s  o f  Space S h u t t l e  and Arianr f l i g h t s .  
NASA has i n  f a c t  a l r eady  announced a p r i c e  r i s e  of 1 5  t o  2 0 %  f o r  
f !  ? : ,hts a f t c r  t ha  first  t h r a c  o a r s .  
2.3 The Common Markot Investment 
The Ariane p r o j e c t  r e p r e s e n t s  t h e  l a r g e s t  investment evcr  made 
i n  space  by membsrs o f  tho Common Markst .  Beyond c r e a t i n g  an 
independent s a t e l l i t e  launching c a p a b i l i t y  ( i t s  f i r s t  g o a l ) ,  t h e  
program has a l s o  r e s u l t e d  a t h e  e s t ab l i shmen t  of  research  teams 
capable  of c a r ~ y i n g  ou t  a s o p h i s t i c a t e d  program i n  r acke t  technology.  
Complicated r e sea rch  f a c i l i t i e s  a l s o  have beon b u i l t ,  I t  i s  
n a t u r a l  t h a t  t h e  Common Market w i l l  want t o  rccover  i t s  invcstnicnt 
by t a k i n g  advantage of t he  p o t e n t i a l  o f  t h i s  research  o rgan iza t i on .  
The plfinning f o r  t h e  evo lu t ion  of rocke t  l aunchers  i n  tho coming decade 
has thus  been guided by a d e s i r e  t o  opt imize  t h i s  investment.  The 
r e s u l t  has been t h e  concept o f  t h e  Arianc s e r i e s  and the  exc lus ion  of 
any r a d i c a l l y  new system. The development of  t h e  improved Ariane I1 
and Ariane IIT models i s  a f i rs  s t e p  i n  t h i s  d i r e c t i o n .  The American \ 
exper ience wi th  t h e  Space S h u t t l  a s  shown us t h a t  t h i s  typc o f  9 
s p a c e c r a f t  i s  only j u s t i f i a b l e  when t h e r e  i s  a very l a r g e  number o f  
f l i g h t s  pe r  yea r .  Even i n  t h e  United S t a t e s ,  t h i s  l e v e l  w i l l  n o t  be 
reached before  the  end of tlre decade. The implomentation of  a s i m i l a r  
system w i l l  n o t  be economically f e a s i b l e  f o r  t h e  Comnlon Market i n  
t h e  f o r e s e e a b l e  f u t u r e .  
2 .  The Near Fu ture :  Ariane TI1 
-7- 
We s h a l l  qu i ck ly  s u m m a z e  t h e  major f e a t u r e s  o f  the  program t o  in-  
yrave the  Ariane rocke t .  This program en t e r ed  i4ts pre l iminary  phase 
i n  August ,  1979 and f i n a l  a p p r o v a l  i s  expec ted  i n  t h e  beg inn ing  o f  
1980. I t  i s  oxpected  t o  be completed i n  1983. The improvements 
be ing c o n s i d e r e d  g e n e r a l l y  f a l l  i n t o  one of f o u r  c a t e g o r i e s :  
- - I n c r e a s e s  i n  tile p a y l a s d  c a p a c i t y  o f  t h e  Ar iane  o b t a i n e d  jy 
i n c r e a s i n g  t h e  t h r u s t  r a t i n g  a£ t h e  e n g i n e s  i n  t h e  f i r s t  two s t a g e s  
(by r a i s i n g  t h e  p r e s s u i c  i n  the con~bust lui l  chamber) ,  by adding 
two b o o s t e r  r o c k e t s ,  each  c o n t a i n i n g  seven m e t r i c  t o n s  o f  s o l i d  /24 
f u e l ,  and f i n a l l y  by l e n g t h e n i n g  'ishe t h i r d  s t a g e  t o  a l low 25% 
more f u e l  t o  be loaded.  Th i s  r o c k e t ,  t h e  Ar iane  111, w i l l  be 
40% more powerful  t h a n  t h e  p r e s e n t  v e r s i o n .  A modif ied  model, 
t h e  Ar iane  11, which i s  l a c k i n g  t h e  b o o s t e r  r o c k e t s ,  w i l l  be 
a v a i l a b l e  f o r  use  by t h o s e  who do n o t  need t h e  f u l l  c a p a c i t y o f  
t h e  Ar iane  XLI. 
- -  Recovery o f  t h e  f i r s t  sta.ge from t h e  ocean.  The c o s t  o f  
r ecovery  i s  o n l y  4 5 %  o f  replacement  c o s t ,  Recond i t ion ing  and 
r e u s i n g  t h e  f i r s t  s t a g e  would l e a d  t o  a  s i g n i f i c a n t  r e d u c t i o n  
i n  t h e  c o s t  of  a  l aunch ing .  
- -  E f f o r t s  made t o  i n c r e a s e  t h e  r e l i a b i l i t y  o f  c e r t a i n  assembl ies  
and subsys  tems . 
- -  A r e d u c t i o n  o f  c o s t s  by making e f f i c i e n t  use  o f  new t e c h n i q u e s ,  
both  i n  t h e  d e s i g n  o f  a s sembl ies  and i n  t h e  methods used t o  
c o n s t r u c t  them. 
3. The Medium-Term Outlook 
The n tod i f i ca t ions  proposed f o r  t h e  Ar iane  I11 were l i m i t e d  f o r  
s e v e r a l  r e a s o n s ,  i n  p a r t i c u l a r :  
- -  The n e c e s s i t y  t o  r e a c h  a s  r a p i d l y  a s  p o s s i b l e  a payload 
c a p a c i t y o f  2400 kg s o  a s  t o  s i m u l t a n e o u s l y  launch two Space 
S h u t t l e  g e n e r a t i o n  s a t e l l i t e s  a l o n g  w i t h  t h e  o r b i t a l  maneuvering 
eng ine  PAM D. 
- -  The l i m i t a t i o n s  imposed by t h e  l aunch  pad,  p a r t i c u l a r l y  t h e  
h e i g h t  of t h e  g a n t r y  s c a f f o l d .  The g a n t r y  s c a f f o l r j  was i n h e r i t e d  
from t h e  Europa program and cannot  be improved more t h a n  it 
a l r e a d y  has been. P r o g r e s s  beyond t h e  Ar iane  I11 r e q u i r e s  a 
new launch ing  s i te .  There  a l s o  exist  f u n c t i o n a l  problems t h a t  
make a new s i t e  n e c e s s a r y ,  
3.1 The New Launch S i t e  
The a v a i l a b i l i t y  o f  a s i n g l e  l aunch  pad reduces  o u r  a b i l i t y  t o  
u t i l i z e  t h e  Ar iane .  The d e s i g n  o f  t h e  i n s t a l l a t i o n  causes  a  l e n g t h y  
p e r i o d  o f  p r e p a r a t i o n  f o r  each  f i r i n g .  Only f i v e  o r  s i x  l aunch ings  
a  y e a r  can be made. R e p a i r i n g  and r e b u i l d i n g  t h e  p r e s e n t  launch 
pad would n e c e s s i t a t e  a more o r  less prolonged i n t e r r u p t i o n  o f  t h e  
schedu le .  I t  seems n e c e s s a r y  f o r  t h e  r e l i a b i l i t y  o f  t h e  program and 
f o r  r educ ing  t h e  i n t e r v a l  between f l i g h t s  t o  c o n s t r u c t  an  e n t i r e l y  
new f a c i l i t y .  A new launch pad would a l l e v i a t e  t h e  o b s t a c l e s  t o  p u t t i n g  
t h e  Ar iane  111 i n t o  o p e r a t i o n  w h i l e  a t  t h e  same time making maximum 
use of e x i s t i n g  l o g i s t i c  sys tems.  
i 
I A p r e l i m i n a r y  s t u d y  t h a t  i n c l u d e s  a  c o n s i d e r a t i o n  o f  t h e  
requi rements  o f  s a t e l l i t e  cus tomers  h a s  been done by t h e  CNES. 
Among t h e  requ i rements  n o t e d ,  t h e  fo3.lowing s t a n d  o u t :  
- -  F l e x i b i l i t y :  t h e  new launch pad w i l l  have t o  be a d a p t a b l e  t o  
a l l  t h e  d i f f e r e n t  v e r s i o n s  o f  t h e  Ar iane  wi thou t  e x t e n s i v e  work 
o r  long d e l a y s .  
- -  The r e d u c t i o n  o f  t h e  l e a d  time needed t o  launch a  s a t e l l i t e .  
.In t h e  f u t u r e ,  t h i s  w i l l  be an impor tan t  c o n d i t i o n  i n  making 
s p a c e  systems p r o f i t a b l e .  I n  o r d e r  f o r  r e l i a b i l i t y  o f  s e r v i c e  
t o  be comparable w i t h  t h a t  found on e a r t h ,  s a t e l l i t e  u s e r s  must 
be a b l e  t o  q u i c k l y  r e p l a c e  s a t e l l i t e s  which break down i n  o r b i t .  
The a b i l i t y  t o  q u i c k l y  make a v a i l a b l e  replacement  s a t e l l i t e s  and 
l s u n c h e r s  i s  becoming an impor tan t  economic f a c t o r  i n  t h e  s u c c e s s  
o r  f a i l u r e  o f  t h e  Common Market v e n t u r e .  
3,2 A r i a n e  I V  
I t  i s  p r o b a b l e  t h a t  by 1985 t h e r e  wi21 b s  a  growing numbcr o f  
hcavy s e t e l l i t s s  t o  meet t h e  nccds  o f  t e l . c v i s i o n  t r a n s m i t t i n g  
ne tworks  (wl~ose f i r s t  e l e n ~ e n t s  w i l l  be l a u n c h e d  i n  1983)  and co~nnluni- 
c a t i o n s  s y s t e m s ,  A t  t h e  same t i m e  com~nun ica t ions  sys tcn is  u s i n g  
l i g h t e r  synchronous  s a t e l l i t e s  o f  500 t o  600 kg  w i l l  be f u l l y  opera- 
t i o n a l  and  w i l l  r e q u i r e  a  l a r g e  numbcr o f  l o u n c h i n g s .  E x t e n s i v e  
r e s e a r c h  has  been  made i n t o  r e d u c i n g  t h e  c o s t s  o f  p u t t i n g  s a t e l l i t e s  
i n t o  o r b i t  and i n  p r e d i c t i n g  t h e  e v o l u t i o n  o f  t h e  markc t .  I t  seems 
a p p a r e n t  t h a t  t h e  a b i l i t y  t o  s i m u l t a n e o u s l y  l a u n c h  two s a t e l l i t e s  
o f  t h i s  t ype  i s  a n  i ~ n p o r t a n t  g o a l  t o  r e a c h .  To \)c s p e c i f i c ,  t h i s  
would r e q u i r e  t h a t  t h e  Ar inne  XV have t h e  c a p a c i t y  t o  p l a c e  a pay-  
l o a d  o f  3500 kg i n  a  p a r k i n g  o r b i t .  T h i s  i s  doub le  t h e  c a p a c i t y  o f  
t h e  o r i g i n a l  v c r s i o n  o f  t h c  A r i a n e .  
T h e  t ~ ~ e d i f i c a t i o ~ l s  p roposed  f o r  t h e  A r i a n e  I V  w i l l  f o l l o w  t h e  
p r i n c i p l e s  o f  g r a d u a l  e v o l u t i o n  d e f i n e d  above.  They w i l l  c o n s i s t  o f  
a d a p t i n g  e le~r le l r t s  o f  t h e  A r i a n e  111, The p r i n c i p a l  improvement 
p l a n n e d  i s  t o  i n c r e a s e  t h e  amount o f  r o c k e t  f u e l  c a r r i e d  by t h e  f i r s t  
s t a g e  f rom 145 metric t o n s  t o  approxj .matc ly  200 m e t r i c  t o n s .  T h i s  
w i l l  b e  accompl i shed  by i n c r e a s i n g  t h c  l e n g t h  o f  t h e  c y l i n d r i c a l  p a r t  
o f  t h e  F u e l  t a n k s  by 2 . 5  m e t e r s ,  which s h o u l d  n o t  p r e s e n t  any 
p a r t i c u l a r  d i f f i c u l t y .  7'1.1~ nuntber of b o o s t e r  r o c k e t s  w i l l  a l s o  
be  i n c r e a s e d .  The e x a c t  number (from 4 t o  8)  o f  b o o s t e r s  w i l l  depcnd 
on  how much t h e  t h r u s t  o f  t h e  V i k i n g  e n g i n e s  c o u l d  be  i n c r e a s e d  f o r  
t h e  A r i a n e  111. The b o o s t e r  r o c k e t s  w i l l  c a r r y  7 m e t r i c  t o n s  o f  
s o l i d  f u e l  and be i d e n t i c a l  t o  t h o s e  on t h e  Ariame 111. I t  s h o u l d  be 
n o t e d  t h a t  t h i s  app roach  i s  s i m i l a r  t o  t h a t  f o l l o w e d  i n  making t h c  
American Thor D e l t a  r o c k e t  more c o m p e t i t i v e .  
The re  w i l l  be a l m o s t  no  change i n  t h e  second  s t a g e ,  and  t h e  
t h i r d  s t a g e  w i l l  be i d e n t i c a l .  t o  t h e  A r i a n e  I I I 1 s .  Nowever, an  
e n l a r g e m e n t  o f  t h e  n o s e  cone  arid changes  i n  t h e  sys t em f o r  doub le  
l a u n c h i n g s  w i l l  b e  n e c e s s a r y  i n  o r d e r  t o  o f f e r  a volume e q u i v a l e n t  
t o  t h a t  o f  t h e  Space  S h u t t l e  f o r  s a t e l l i t e s  o f  t h i s  c l a s s .  P l a c i n g  
s a t e l l i t e s  i n  t h e  n o s e  cone  ahead  of t i m e  w i l l  g r e a t l y  f a c i l i t a t e  
p r e ~ a ~ r a t i o n s  f o r  launchings  and cons iderab ly  reduce t h e  l ead  time 
when re launchings  a r e  needed. 
4 .  Long-Term Evolut ion 
- 
4 . 1  The Market bevond 1985 
The Space S h u t t l e  should be f u l l y  o p e r a t i o n a l  by 1985, and t h e  
t e c h n i c a l  and economic c a l c u l a t i o n s  t h a t  went i n t o  implementing 
the  system w i l l  have been v e r i f i e d  i n  p r a c t i c e .  I f  t h e  Space 
S h u t t l e  i s  s u c c e s s f u l ,  t h e r e  w i l  p robably  be a  gradual  expansion 
of s a t e l l i t e  d iameter  up t o  t h e  l i m i t  o f  4 . 5  meters imposed by t h e  
dimensions of t h e  hold o f  the  Space S h u t t l e .  This i s  because: 
- -  The p r i c e  l i s t  i n  e f f e c t  f o r  t h e  Space S h u t t l e  encourages 
t h e  design of  s a t e l l i t e s  wi th  t h e  s h o r t e s t  p o s s i b l e  l e n g t h ,  
- -  The r o t a t i o n a l  s t a b i l i t y  of s a t e l l i t e s  dur ing  o r b i t a l  
t r a n s f e r  i s  maximized by a  smal l  l e n g t h  t o  d iameter  r a t i o ,  
- -  The i n c r e a s e  i n  t h e  number and i n  t h e  diameter  of an tennas ,  
e s p e c i a l l y  f o r  m u l t i p l e  beam swi tch ing  c i r c u i t s  and r e l ay ing  
b roadcas t s ,  w i l l  cause a l l  a v a i l a b l e  space t o  be f i l l e d ,  
I n  a d d i t i o n ,  i t  i s  expected t h a t  t h e  des ign of commercial s a t e l -  
l i t e s ,  f r e e d  from the  c o n s t r a i n t s  imposed by t h e  performance of 
t r a d i t i o n a l  r o c k e t s ,  w i l l  evolve toward heav ie r  and heav ie r  mul t ipur -  
pose systems,  i r r  a n t i c i p a t i o n  o f  l a r g e  adap tab le  space p la t fo rms .  
The s i z e  l i m i t a t i o n s  of  t h e  Space S h u t t l e  w i l l  be i n  e f f e c t  f o r  
a long time because i t  w i l l  n o t  be rep laced  by a  l a r g e r  v e h i c l e  a t  
l e a s t  u n t i l  t he  yea r  2000.  The high r h r u s t  rocket  programs of  NASA 
a r e  f o r  launching very heavy payloads and w i l l  no t  compete wi th  
t h e  Ariane s e r i e s .  
4 . 2  The P r o s p e c t s  f o r  t h e  Common Market  
*. 
I f  t h e  EEC i s  t o  m a i n t a i n  i t s  c o m p e t i t i v e  p o s i t i o n  i n  r e l a t i o n  t o  
t h e  Space  S h u t t l e ,  two c o n d i t i o n s  have t o  be met ,  Aproximatc.Zy t h e  
same t e c h n i c a l  f e a t u r e s  must be  made a v a i l a b l e  and  t h e  c o s t  p e r  
k i l o g r a m  i n  o r b i t  must be bowered. Moreover ,  t h i s  must  be  accompl i shcd  
w i t h i n  a r e a s o n a b l e  time p e r i o d  and  w i t h  a  l e v e l  o f  f i n a n r i a l  
back ing  w i t h i n  t h e  r e a c h  o f  t h e  members o f  t h e  Community. W i l l  i t  
b e  p o s s i b l e  f o r  t h o  Common Market t o  have  a  l a u n c h  v e h i c l e  i n  t h e  
1 9 9 0 ' s  t h a t  can  p l a c e  s a t e l l i t e s  4 . 5  m e t e r s  i n  d i a m e t e r  i n  o r b i t  a t  
a  c o s t  c l o s e  t o  t h a t  o f  t h e  Space S h u t t l a ?  
In  te rms  o f  p a y l o a d  s i z e ,  low a l t i t u d c  n l i s s ions  must be 
d i s t i n g u i s h e d  from t h o s e  i n  synchronous  o r b i t .  Fo r  the f i m t  t y p e ,  
t h e r e  i s  no p o s s i b i l i t y  o f  compet ing  w i t h  t h e  Space S h u t t l e ,  which 
can c a r r y  more t h a n  t h i r t y  t o n s  p e r  f l i g h t .  For  s y n c l ~ r o n o u s  o r b i t s ,  
on t h e  o t h e r  hand ,  t h e  c a p a c i t y  o f  t h e  Space T r a n s p o r t  System i s  
l i m i t e d  by t h e  t h r u s t  d e v e l o p e d  by s u p p l e m e n t a r y  r o c k e t  s t a g e s  o r  
o r b i t a l  t r a n s f e r  v e h i c l e s  t o  a  mass o f  2900 kg. 
, T h i s  i s  w i t h i n  t h e  r a n g e  o f  p o s s i b i l i t i e s  f o r  t h e  A r i a n e  
program. Around 1990,  a model c a p a b l e  o f  l i f t i n g  t h r e e  m e t r i c  t o n s  
i n t o  synchronous  o r b i t  a t  40% o f  the p r e s e n t  c o s t  c o u l d  be i n t r o d u c e d .  
4 . 3  The Ar i anc  V 
i The Ar i ane  V would be a  m u l t i p u r p o s e  r o c k e t .  I t  would be 
s p e c i f i c a l l y  d e s i g n e d  f o r  l a u n c h i n g  o b j e c t s  i n t o  p a r k i n g  o r b i t s ,  l i k e  
t h e  v e r s i o n s  p r e c e d i n g  i t .  However, i t  would a l s o  be  a b l e  t o  
t r a n s p o r t  p a y l o a d s  o f  up t o  t e n  m e t r i c  t o n s  d i r e c t l y  t o  low e a r t h  
o r b i t s  and  s m a l l e r  p a y l o a d s  t o  h i g h e r  a l t i t u d e s .  F i n a l l y ,  i t  c o u l d  
1 be c a l l e d  upon t o  l a u n c h  a  Hermes- type manned s p a c e c r a f t .  
Even though i t  would r e p r e s e n t  an  i m p o r t a n t  s t a g e  i n  t h e  
e v o l u t i o n  o f  t h e  A r i a n e  s e r i e s ,  t h e  A r i a n e  V would remain w e l l  w i t h i n  
t h e  t r a d i t i o n a l  framework o f t h i s  s e r i e s .  I t  would be  a c o n v e n t i o n a l  
n o n r e u s a b l e  r o c k e t  ( e x c e p t  t h a t  t h e  f i r s t  s t a g e  c o u l d  be r e c o v e r e d  a t  
s e a  and p o r t i o n s  o f  i t  r e u s e d ) .  The d e s i g n  would be s i m p l e .  The 
F i r s t  s t a g e  would be t h e  same a s  t h e  f i r s t  s t a g e  o f  t h e  Ar iane  I V .  
Thus, t h e  l a u n c h i n g  f a c i l i t i e s  c o u l d  be used  unchanged. Modif i -  
c a t i o n s  would be  c o n f i n e d  t o  t h e  upper s t a g e s ,  These would i n c l u d e :  
- -The  second  s tage ,  unchanged i n  a , l l  p r e v i o u s  models ,  would be 
r e p l a c e d  by a  l i q u i d  hydrogen powered r o c k e t  c a r r y i n g  40 
m e t r i c  t o n s  o f  f u e l  and deve lop ing  a  t h r u s t  o f  60  t o n s .  Th i s  
s t a g e  would be c o n s t r u c t e d  o f  l i g h t  a l l o y  m a t e r i a l ,  f o l l o w i n g  
t h e  t e c h n i q u e s  developed p r e v i o u s l y  i n  the Ar iane  program. I t s  
d i a m e t e r  would be 3 . 8  m e t e r s ,  which would c r e a t e  a  c o n t i n u i t y  
o f  form w i t h  t h e  f i r s t  s t a g e .  
- -The  t h i r d  s t a g e  would a l s o  be powered by l i q u i d  hydrogen.  
I t  would have  a  c a p a c i t y  o f  about  6 m e t r i c  t o n s  o f  f u e l .  Th i s  
s t a g e  would be a  m o d i f i c a t i o n  o f  t h e  t h i r d  s t a g e  o f  t h e  p r e s e n t  
model Ar iane  and would u s e  t h e  same p r o p u l s i v e  sys tem.  The 
f u e l  t a n k s ,  on t h e  o t h e r  hand ,  would have t o  be r e a r r a n g e d  
because  o f  t h e  new c o n f i g u r a t i o n  and a l s o  t o  t a k e  t h e  most 
advantage  o f  new s t r u c t u r a l  a s s e m b l i e s  t h a t  w i l l  a l r e a d y  have 
been  developed o r  t h a t  would be developed i n  t h e  c o u r s e  o f  t h e  
A r i a n e  V p r o j e c t .  Thus,  t h e  hydrogen t a n k  would have a  
d e s i g n  b a s e d  on t h a t  o f  t h e  second s t a g e  and t h e  oxygen t a n k  
wouzd be a n  a d a p t a t i o n  o f  t h e  p r e s e n t  d e s i g n .  
I f  t h e  A r i a n e  V were c o n s t r u c t e d  i n  t h i s  way, it would have 
s e v e r a l  u s e s  : 
I n  i t s  t h r e e  s t a g e  v e r s i o n ,  w i t h  a  nose  cone l a r g e  enough 
t o  c a r r y  s a t e l l i t e s  b u i l t  f o r  t h e  Space S h u t t l e ,  i t  c o u l d  
p u t  approx ima te ly  5 . 5  m e t r i c  t o n s  i n  p a r k i n g  o r b i t .  Th i s  
c o r r e s p o n d s  t o  a  s a t e l l i t e  o f  about  3 t o n s  i n  synchronous 
o r b i t .  I t  c o u l d  a l s o  c a r r y  an a d d i t i o n a l  r o c k e t  e n g i n e  a s  
p a r t  of  t h e  pay load .  This  would a l l o w  m i s s i o n s  t o  be  p l a c e d  
i n  o r b i t  which r e q u i r e  a  v e r y  l a r g e  amount o f  e n e r g y ,  such  
a s  l o n g - d i s t a n c e  s p a c e  p r o b e s ,  i n t e r p l a n e t a r y  p r o b e s ,  and 
t h e  e j e c t i o n  o f  r a d i o a c t i v e  was te s  from t h e  s o l a r  sys tem.  
- - I n  i t s  two s t a g e  v e r s i o n ,  w i t h  t h e  same nose  cone ,  t h e  
Ar iane  V c o u l d  t r a n s p o r t  3 . 5  m e t r i c  t o n s  t o  a  p a r k i n g  
o r b i t ,  t h e  same c a p a c i t y  a s  t h e  Ar iane  I V .  T h i s  v e r s i o n  c o u l d  
a l s o  p l a c e  approx ima te ly  10  m e t r i c  t o n s  d i r e c t l y  i n  a  low 
a l t i t u d e  o r b i t .  T h i s  means t h a t  i t  cou ld  l aunch  a  space  
s t a t i o n  subassembly  o r  a l a r g e  au tomated  l a b o r a t o r y  f o r  
f a b r i c a t i n g  m a t e r i a l s  i n t o  s p a c e .  
- - F i n a l l y ,  a  manned s ~ a c e c r a f t  o f  t h e  Hermes t y p e  c o u l d  be 
p l a c e d  on t o p  of  t h e  f i r s t  two s t a g e s .  T h i s  s p a c e c r a f t  c o u l d  
t h e n  be l a u n c h e d  i n t o  a  200 km h i g h  o r b i t ,  i n c l i n e d  a t  60' t o  
t h e  e q u a t o r .  T h i s  m i s s i o n  would, however,  r e q u i r e  a d d i t i o n a l  
development  t o  r a i s e  t h e  r e l i a b i l i t y  o f  t h e  l a u n c h e r  t o  t h e  
l e v e l s  r e q u i r e d  by manned f l i g h t .  
IV.4 The HM 60 Engine 
The d e s i g n  o u t l i n e d  above i s  r e a l i z a b l e  w i t h  t h e  t e c h n i q u e s  
a l r e a d y  m a s t e r e d  by t h e  Ar iane  program. S t r a i n s  caused  by s imul -  
t a n e o u s l y  i n t r o d u c i n g  new b a s i c  t e c h n o l o g i e s  and a  new r o c k e t  sys tem 
would b e  avo ided .  
The p r o p u l s i v e  sys tem proposed  f o r  t h e  second s t a g e  i s  t h e  o n l y  
e lement  t h a t  would r e p r e s e n t  a s u b s t a n t i a l  s t e p  forward .  This  i s  
t h e  l i q u i d  hydrogen e n g i n e  o f  60 t o n s  t h r u s t  t h a t  has  been  d e s i g -  
n a t e d  t h e  HM 60.  I t  i s  t r u e  t h a t  t h e  b a s i c  t echno logy  n e c e s s a r y  
f o r  t h i s  type  o f  e n g i n e  was i n t r o d u c e d  i n  t h e  t h i r d  s t a g e  o f  t h e  
Ar iane .  However, t h e  i n c r e a s e  i n  s c a l e  ( t h r u s t  i s  m u l t i p l i e d  by a  
f a c t o r  o f  10)  i s  such  t h a t  t h e  c o n s t r u c t i o n  o f  t h e  e n g i n e  must be 
under t aken  a s  i f  i t  were a  new program. If t h e  c h o i c e  o f  an eng ine  
o f  r e l a t i v e l y  powerflrl  d e s i g n  i s  s u p p o r t e d  i n  f u r t h e r  s t u d i e s ,  i t  
wou1.d b e  r e a l i s t i c  t o  p r e d i c t  t h a t  it would t a k e  t e n  y e a r s  t o  
develop  t h e  HM 60 and p u t  i t  i n t o  s e r v i c e .  I n  o r d e r  t o  complete  
t h e  A r i a n e  V by  1990,  a p r e l i m i n a r y  program l a s t i n g  t h r e e  y e a r s  
must be  s t a r t e d  i n  1980.  Th i s  program would i n c l u d e  t h e  d e t a i l e d  
d e s i g n  o f  t h e  e n g i n e  and  t h e  p r o p u l s i v e  sys t em,  i n i t i a l  expe r imen t s  
onthe  most c r i t i c a l  e l e m e n t s ,  and d e s i g n  work on t e s t i n g  equipment .  
IV.5 The Hermes Manned S h u t t l e  
P r e l i m i n a r y  s t u d i e s  have been c a r r i e d  o u t  on t h e  d e s i g n  o f  t h e  
i n h a b i t a b l e  Hermes space  s h u t t l e ,  a  h y p e r s o n i c  v e h i c l e  t h a t  would 
be l aunched  by t h e  Ar iane  V and would r e e n t e r  t h e  a tmosphere  under  
i t s  own power. These s t u d i e s  t r i e d  t o  answer t h e  q u e s t i o n  o f  
whether  t h e  EEC cou ld  produce  a  manned s p a c e c r a f t  i f  t h e  e v o l u t i o n  
o f  s p a c e  f l i g h t  demanded i t ,  The i n i t i a l  r e s t r i c t i o n s ,  i n  
p a r t i c u l a r  t h e  u s e  o f  t h e  A r i a n e ,  have l i m i t e d  t h e  s p a c e c r a f t  t o  
modest d imens ions .  N e v e r t h e l e s s ,  i t  would be l a r g e  enough t o  
s e r v i c e  a  manned o r b i t a l  s t a t i o n .  The Nermes space  s h u t t l e  cou ld  
c a r r y  f i v e  a s t r o n a u t s  and a  l o a d  o f  200 kg o r  two a s t r o n a u t s  and 
a  l o a d  o f  1500 kg.  Such a  p r o j e c t  a p p e a r s  f e a s i b l e  even though i t  
would r e q u i r e  many new t e c h n i q u e s .  There  a r e ,  meanwhile,  two 
f i e l d s  i n  which p r e v i o u s  e x p e r i e n c e  would be n e c e s s a r y  b e f o r e  t h e  
Hermes s p a c e c r a f t  cou ld  be b u i l t .  These a r e  t h e r m a l  i n s u l a t i o n  
f o r  p r o t e c t i o n  d u r i n g  r e e n t r y  and t h e  g e n e r a t i o n  o f  e l e c t r i c i t y  
by f u e l  c e l l s .  
IV.6 Economic C o n s i d e r a t i o n s  
I n  o r d e r  t o  make t h e  Ar iane  c o m p e t i t i v e  w i t h  t h e  Space S h u t t l e ,  
t h e  t h r u s t  o f  t h e  r o c k e t  must be  i n c r e a s e d  w i t h  t h e  l e a s t  p o s s i b l e  
i n c r e a s e  i n  t h e  c o s t  o f  l a u n c h i n g  s a t e l l i t e s .  The c h o i c e  o f  
improvements i s  based  on t h e s e  c r i t e r i a ,  Thus,  i n  i n t r o d u c i n g  t h e  
Ar iane  111, miiy t h e  b o o s t e r  r o c k e t s  c o n t r i b u t e  t o  a s l i g h t  i n c r e a s e  
i n  t h e  c o s t  p e r  k i log ram o f  pay load .  The o t h e r  two m o d i f i c a t i o n s  
have no e f f e c t  on t h e  c o s t .  S i m i l a r l y ,  l e n g t h e n i n g  t h e  f i r s t  
s t a g e  t o  b u i l d  t h e  Ar iane  I V  does n o t  i n c r e a s e  t h e  l a u n c h i n g  c o s t s  
a t  a l l ,  whi le  t h e  e x t r a  b o o s t e r  r o c k e t s  cause  o n l y  a  s l i g h t  
augmenta t ion .  For  Ar iane  V ,  t h e  second s t a g e  i s  c e r t a i n l y  more 
e x p e n s i v e  t h a n  t h e  p r e s e n t  one ,  b u t  t h e  i n c r e a s e  i n  l a u n c h i n g  
c a p a c i t y  i s  s u c h  t h a t  t h e  p r i c e  p e r  k i log ram p l a c e d  i n  o r b i t  i s  
s i g n i f i c a n t l y  l e s s .  I n  a l l ,  a  r e d u c t i o n  o f  2 . 5  t i m e s  i n  l a u n c h i n g  
c o s t s  c a n  be hoped f o r  i n  advancing  from t h e  p r e s e n t  v e r s i o n  of t h e  
Ar iane  t o  t h e  Ar iane  V.  
